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1. 

ASSAY PLATES, READER SYSTEMS AND 
METHODS FOR LUMNESCENCE TEST 

MEASUREMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to U.S. Provisional Appli 
cation Ser. No. 60/301,932, filed Jun. 29, 2001, hereby incor 
porated by reference. This application is related to co-pend 
ing U.S. patent application Ser. No. 10/185.363, filed Jun. 28, 
2002, now U.S. Pat. No. 6,977,722 B2, which is hereby 
incorporated by reference. 

1. FIELD OF THE INVENTION 

This application relates to plates, plate components, kits, 
apparatuses and methods for conducting chemical, biochemi 
cal and/or biological assays. 

2. BACKGROUND OF THE INVENTION 

2.1 Chemical, Biochemical and Biological Assays 

Numerous methods and systems have been developed for 
conducting chemical, biochemical and/or biological assays. 
These methods and systems are essential in a variety of appli 
cations including medical diagnostics, food and beverage 
testing, environmental monitoring, manufacturing quality 
control, drug discovery and basic Scientific research. Depend 
ing on the application, it is desirable that assay methods and 
systems have one or more of the following characteristics: i) 
high throughput, ii) high sensitivity, iii) large dynamic range, 
iv) high precision and/or accuracy, V) low cost, vi) low con 
Sumption of reagents, vii) compatibility with existing instru 
mentation for sample handling and processing, viii) short 
time to result, ix) insensitivity to interferents and complex 
sample matrices and X) uncomplicated format. There is Sub 
stantial value to new assay methods and systems that incor 
porate improvements in these characteristics or in other per 
formance parameters. 

At this time, there are a number of commercially available 
instruments that utilize electrochemiluminescence (ECL) for 
analytical measurements. Species that can be induced to emit 
ECL (ECL-active species) have been used as ECL labels. 
Examples of ECL labels include: i) organometallic com 
pounds where the metal is from, for example, the noble metals 
of group VIII, including Ru-containing and Os-containing 
organometallic compounds such as the tris-bipyridyl-ruthe 
nium (RuBpy) moiety and ii) luminol and related compounds. 
Species that participate with the ECL label in the ECL process 
are referred to herein as ECL coreactants. Commonly used 
coreactants include tertiary amines (e.g., see U.S. Pat. No. 
5,846,485, herein incorporated by reference), oxalate, and 
persulfate for ECL from RuBpy and hydrogen peroxide for 
ECL from luminol (see, e.g., U.S. Pat. No. 5.240,863, herein 
incorporated by reference). The light generated by ECL 
labels can be used as a reporter signal in diagnostic proce 
dures (Bard et al., U.S. Pat. No. 5.238,808, herein incorpo 
rated by reference). For instance, an ECL label can be 
covalently coupled to a binding agent such as an antibody or 
nucleic acid probe; the participation of the binding reagent in 
a binding interaction can be monitored by measuring ECL 
emitted from the ECL label. Alternatively, the ECL signal 
from an ECL-active compound may be indicative of the 
chemical environment (see, e.g., U.S. Pat. No. 5,641,623 
which describes ECL assays that monitor the formation or 
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2 
destruction of ECL coreactants, herein incorporated by ref 
erence). For more background on ECL, ECL labels, ECL 
assays and instrumentation for conducting ECL assays see 
U.S. Pat. Nos. 5,093,268; 5,147,806; 5,324.457; 5,591,581; 
5,597,910; 5,641,623: 5,643,713; 5,679,519; 5,705,402; 
5,846,485; 5,866,434; 5,786,141; 5,731,147; 6,066,448: 
6,136,268; 5,776,672; 5,308,754:5,240,863; 6,207,369; and 
5,589,136 and Published PCT Nos. WO99/63347; WOOO/ 
03233; WO99/58962: WO99/32662; WO99/14599; WO98/ 
12539; WO97/36931 and WO98/57154, each of which are 
herein incorporated by reference. 

Commercially available ECL instruments have demon 
strated exceptional performance. They have become widely 
used for reasons including their excellent sensitivity, dynamic 
range, precision, and tolerance of complex sample matrices. 
The commercially available instrumentation uses flow cell 
based designs with permanent reusable flow cells. The use of 
a permanent flow cell provides many advantages but also 
Some limitations, for example, in assay throughput. In some 
applications, for example, the screening of chemical libraries 
for potential therapeutic drugs, assay instrumentation should 
perform large numbers of analyses at very high speeds on 
Small quantities of samples. A variety oftechniques have been 
developed for increasing assay throughput. The use of multi 
well assay plates allows for the parallel processing and analy 
sis of multiple samples distributed in multiple wells of a plate. 
Typically, samples and reagents are stored, processed and/or 
analyzed in multi-well assay plates (also known as micro 
plates or microtiter plates). Multi-well assay plates can take a 
variety of forms, sizes and shapes. For convenience, some 
standards have appeared for some instrumentation used to 
process samples for high throughput assays. Multi-well assay 
plates typically are made in Standard sizes and shapes and 
having standard arrangements of wells. Some well estab 
lished arrangements of wells include those found on 96-well 
plates (12x8 array of wells), 384-well plates (24x16 array of 
wells) and 1536-well plate (48x32 array of well). The Society 
for Biomolecular Screening has published recommended 
microplate specifications for a variety of plate formats (see, 
http://www.sbsonline.org), the recommended specifications 
hereby incorporated by reference. 

Assays carried out in Standardized plate formats can take 
advantage of readily available equipment for storing and 
moving these plates as well as readily available equipment for 
rapidly dispensing liquids in and out of the plates. A variety of 
instrumentation is commercially available for rapidly mea 
Suring radioactivity, fluorescence, chemiluminescence, and 
optical absorbance in or from the wells of a plate, however, 
there is no commercial instrument for measuring ECL emit 
ted from the wells of a multi-well assay plate. 

2.2 Assay Plates 

FIG. 1 depicts a standard 96-well assay plate 100. Assay 
plate 100 comprises a skirt 112, a periphery wall 114, a upper 
surface 116 and an 8x12 array of wells 118 separated by 
spacers 120 and empty base regions 128. Skirt 112 surrounds 
the base of plate 100 and typically has a width of 3.365 inches 
and a length of 5.030 inches. To facilitate orientation, skirt 
112 and periphery wall 114 include a recess 130. Upper 
surface 116 extends around plate 100 from periphery wall 114 
to respective midlines of the outermost wells of wells 118. 
Each of wells 118 comprises a cell wall 122 having an inner 
surface 124 and a cell floor 126, together defining a cylindri 
cal region. Skirt 112, periphery wall 114, upper surface 116, 
wells 118, spacers 120, cell floors 126 and base regions 128 
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are integrally molded features of plate 100. Alternatively, 
plate 100 may omit cell floors 126. 
A standard 96-well assay plate is not particularly suited for 

electrochemiluminescence test measurements. The Small size 
of the wells in such a plate, approximately 0.053 square 
inches each, presents a considerable obstacle for the intro 
duction of electrodes and/or the efficient collection of light 
emitted from the surface of such electrodes. The dimensional 
problems grow even more difficult when plates having even 
higher well concentrations are considered, e.g. 384-well 
plates and 1536-well plates. 

3. SUMMARY OF THE INVENTION 

The invention relates to assay modules (preferably assay 
plates, more preferably multi-well assay plates), methods and 
apparatuses for conducting assay measurements. Assay mod 
ules of the invention may include one or more, preferably a 
plurality, of wells, chambers and/or assay regions for con 
ducting one or more assay measurements. Preferably, these 
wells, chambers and/or assay regions comprise one or more 
electrodes for inducing luminescence from materials in the 
wells, chambers and/or assay regions. The assay modules 
may further comprise assay reagents (in liquid or dry form), 
preferably in the wells, chambers or assay regions of the assay 
module. Such assay reagents may be immobilized on elec 
trodes of the module or confined on electrodes of the module 
(e.g., through the use of appropriately designed dielectric 
surfaces surrounding the electrode surfaces). Preferably, the 
module is configured to allow for the measurement of lumi 
nescence in portions of the assay module (preferably, more 
than one assay region, well or chamber at a time, but less than 
all). One aspect of the invention relates to novel configura 
tions and materials for electrodes and electrical contacts in 
assay modules. The invention also relates to apparatuses, 
methods, systems and kits for conducting measurements 
using assay modules. The invention further relates to methods 
of manufacturing the assay modules and plates of the inven 
tion. 

The multi-well assay plates may include several elements, 
for example, a plate top, a plate bottom, wells, working elec 
trodes, counter electrodes, reference electrodes, dielectric 
materials, electrical connections, and assay reagents. The 
wells of the plates may be defined by holes/openings in the 
plate top. The plate bottom can be affixed to the plate top 
(either directly or in combination with other components) and 
can serve as the bottom of the well. Alternatively, the wells of 
the plates may be defined as indentations or dimples on a 
Surface of a plate. The multi-well assay plates may have any 
number of wells of any size or shape, arranged in any pattern 
or configuration, and can be composed of a variety of differ 
ent materials. Preferred embodiments of the invention use 
industry standard formats for the number, size, shape and 
configuration of the plate and wells. Examples of standard 
formats include 96-, 384-, 1536-, and 9600-well plates, with 
the wells configured in two-dimensional arrays. Other for 
mats may include single well plates (preferably having a 
plurality of assay domains), 2 well plates, 6 well plates, 24 
well plates, and 6144 well plates. 

According to the invention, working, counter and, option 
ally, reference electrodes can be incorporated into the wells. 
The present invention describes several novel configurations 
and materials for electrodes in multi-well assay plates. Multi 
well assay plates of the present invention may be used once or 
may be used multiple times and are well Suited to applications 
where the plates are disposable. Furthermore, the assay 
reagents, preferably dried reagents and/or wet reagents, may 
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4 
be incorporated into the assay plate, preferably into one or 
more wells or assay domains. In some embodiments, a well of 
a multi-well plate may include a plurality of assay domains. 
The invention relates to processes that involve the use of an 

electrode and the generation of light, including methods, 
apparatuses and assay modules adapted for Such processes. 
The invention further relates to the measurement of light from 
Such processes, for example, in the conduct of assays. 
Examples of Such processes include electrochemilumines 
cence (also referred to as electrogenerated chemilumines 
cence), electroluminescence, and chemiluminescence trig 
gered by an electrochemically generated species. For the 
purposes of the application and for convenience, these three 
processes will be referred to as “electrode induced lumines 
cence'. Electrochemiluminescence involves electrogener 
ated species and the emission of light. For example, electro 
chemiluminescence may involve luminescence generated by 
a process in which one or more reactants are generated elec 
trochemically and undergo one or more chemical reactions to 
produce species that emits light, preferably repeatedly. The 
invention also relates to processes that do not require the use 
of an electrode, for example, chemiluminescence, fluores 
cence, bioluminescence, phosphorescence, optical density 
and processes that involve the emission of light from a scin 
tillant. The invention also relates to processes that do not 
involve luminescence, for example, electrochemical pro 
cesses (e.g., involving the measurement or generation of cur 
rent or Voltage) or electrical processes (e.g., involving the 
measurement of resistance or impedance). 
The invention further relates to an apparatus that can be 

used to induce and measure luminescence, preferably elec 
trode induced luminescence, more preferably electrochemi 
luminescence, in assays conducted in or on assay modules, 
preferably multi-well assay plates. The invention further 
relates to an apparatus that can be used to conduct assays by 
certain optically based assay methodologies that do not use 
electrode induced luminescence Such as fluorescence assays, 
chemiluminescence assays, bioluminescence assays and 
phosphorescence assays. The invention also relates to an 
apparatus that can be used to induce and/or measure current 
and/or Voltage, for example, at an electrode. The measure 
ment of current and/or Voltage may occur independently of or 
concurrently with illumination and/or with the measurement 
of luminescence (e.g., as in spectroelectrochemical measure 
ments or photoelectrochemical measurements). 
The apparatus may incorporate, for example, one or more 

photodetectors; a light tight enclosure; mechanisms to trans 
port the assay plates into and out of the apparatus (and in 
particular, into and out of a light tight enclosure); mechanisms 
to align and orient the assay plates with the photodetector(s) 
and/or with electrical contacts; mechanisms to track and iden 
tify plates (e.g. bar code readers); mechanisms to make elec 
trical connections to plates, one or more sources of electrical 
energy for inducing luminescence, and appropriate devices, 
electronics and/or software. The apparatus may also include 
mechanisms to store, stack, move and/or distribute one or 
more multi-well assay plates (e.g. plate stackers and/or plate 
conveyors). The apparatus may be configured to measure 
light from multi-well assay plates by measuring light sequen 
tially from a plurality of sectors of the plate and/or from the 
entire plate Substantially simultaneously or simultaneously. 
The apparatus may also incorporate microprocessors and 
computers to control certain functions within the instrument 
and to aid in the storage, analysis and presentation of data. 

Another aspect of the invention relates to methods for 
performing assays comprising measuring luminescence from 
an assay plate. According to the present invention, lumines 
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cence is advantageously measured from the assay plate in 
sectors. Another embodiment relates to methods for perform 
ing electrode induced luminescence (preferably electro 
chemiluminescence) assays in a multi-well plate having a 
plurality of wells. 

Yet another aspect of the invention relates to assay plates 
and plate components (e.g., plate bottoms, plate tops and 
multi-well plates) for use in a variety of assays. Thus, one 
embodiment relates to plate bottoms (e.g., without the plate 
top) which can be joined with a plate top to form a multi-well 
plate Suitable for assays. For example, a plate bottom having 
a plurality of patterned electrodes which may be on a top 
Surface, the electrodes arranged in Such a manner so that 
when the bottom is joined with a multi-well plate top, each 
well has one or more, preferably two or more, conductive 
electrode Surfaces. 

Another embodiment relates to an improved plate top hav 
ing one or more openings configured so that when affixed or 
placed onto a plate bottom forms one or more assay wells. 
Preferably, the plate top forms wells having well surfaces 
with properties and characteristics (e.g., light reflection, Sur 
face tension, etc.) for improved assays. For example, plate 
tops designed to form well surfaces which provide for 
improved luminescence collection efficiencies. 
A still further aspect of the invention relates to systems 

comprising the apparatus of the present invention combined 
with the multi-well plate of the invention. Preferably, the 
system contains all the components necessary for performing 
assays such as high-throughput assays including a light detec 
tor, a source of electrical energy and a plate Support with a 
multi-well plate placed thereon. 
A still further aspect of the invention relates to kits for use 

in the assay plates, apparatuses and methods of the invention. 
Preferably, the kits include, in one or more containers, a 
multi-well plate and one or more assay reagents. 

4. DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates an industry standard multi-well assay 
plate having 96 wells. 

FIG. 2 illustrates a top view of a multi-well assay plate 
according to one embodiment of the invention. 

FIG. 2A illustrates a top view of a well 200 of a multi-well 
assay plate according to another embodiment of the inven 
tion. Well 200 has a wall 162, having an inner surface 164; a 
counter electrode 166; and a working electrode 168 which 
forms the bottom of well 200. 

FIG. 2B illustrates a top view of a well 220 of a multi-well 
assay plate according to the invention. Well 220 has a wall 
222, counter electrodes 226A and 226B and a working elec 
trode 230. 

FIG. 2C illustrates a top view of a well 240 of a multi-well 
assay plate according to the invention. Well 240 has wall 242, 
counter electrodes 246A and 246B, and working electrode 
250. 

FIG. 2D illustrates a top view of a well 260 of a multi-well 
assay plate according to the invention. Well 260 has wall 262, 
counter electrode 266, and working electrode 270. 

FIG. 2E illustrates a plate top 280 according to the present 
invention. Plate top 280 comprises a plate top body 281, a top 
surface 282, wall 285, and inner surface 286. Plate top 280 has 
holes 284 that may be used in part to form walls for wells in 
multi-well assay plates of the invention. 

FIG. 2F illustrates a plate top 290 according to the present 
invention wherein plate top 290 has 384 square holes 291. 

FIG. 2G illustrates a plate top 295 according to the inven 
tion wherein plate top 295 has 1536 holes 297. 
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6 
FIG. 2H illustrates a cross sectional view from the side of 

a multi-well assay plate 2000 according to the present inven 
tion. Plate 2000 has a support/working electrode 2001, a 
plurality of wells 2002, dielectric layer 2004, counter elec 
trode 2006, lip 2008 and plate top 2009. Plate 2000 may also 
incorporate other features described elsewhere for multi-well 
assay plates such as assay reagents, electrical connections, 
Supporting materials, etc. 

FIG. 2I illustrates cross-sectional view from the side of a 
multi-well assay plate 2010 of the invention. Multi-well assay 
plate 2010 has a support 2011, one or more wells 2012, 
working electrode 2013, dielectric layer 2014, counter elec 
trode 2016, lip 2018 and boundary 2019. Plate 2010 may also 
incorporate other features described elsewhere for multi-well 
assay plates such as assay reagents, electrical connections, 
Supporting materials, etc. 

FIG.2J illustrates a cross sectional view from the side of a 
multi-well assay plate 2020 of the invention. Plate 2020 has a 
support 2021, one or more wells 2022, one or more working 
electrodes 2023, one or more counter electrodes 2026, lip 
2028 and one or more boundaries 2029. Plate 2020 may also 
incorporate other features described above for multi-well 
assay plates such as assay reagents, electrical connections, 
Supporting materials, etc. 

FIG. 3A illustrates a well 300 according to another 
embodiment of the present invention. Well300 has a wall 302 
having an interior surface 304, counter electrodes 306A and 
306B, working electrode 310 and assay domains 312. 

FIG. 3B illustrates a well 330 according to the present 
invention wherein well 330 has a plurality of assay domains 
336. 

FIG. 3C illustrates a well 360 according to the present 
invention wherein well 360 has a plurality of assay domains 
366. 

FIG. 4A illustrates a well 400 according to yet another 
embodiment of the present invention. Well 400 has a wall 402 
having an interior surface 404, counter electrodes 406A and 
406B, working electrode 410, and boundaries 416 that define 
domains 418 of working electrode 410. 

FIG. 4B illustrates a well 430 according to the invention. 
Boundary 440 separates counter electrodes 434A and 434B 
from working electrode 444. 

FIG. 4C illustrates a well 460 according to the invention 
wherein boundary 470 separate counter electrodes 464A and 
464B from working electrode 474. Working electrode 474 has 
a plurality of assay domains 476. 

FIG. 4D illustrates a well 480 according to the invention 
with a wall 482, counter electrodes 488A and 488B, boundary 
492, working electrode 494, boundaries 498A and 498B and 
assay domains 499A and 499B. 

FIG. 4E illustrates a well 4900 according to the present 
invention. Well 4900 has wall 4902 with interior Surface 
4903, counter electrodes 4904A and 4904B, gaps 4906A and 
4906B exposing a support, barrier 4908 with a plurality of 
holes 4912 that expose working electrode 4910. 

FIG. 5 illustrates a multi-well assay plate 500 according to 
another embodiment of the invention. 

FIG. 6 illustrates examples of sectioned conductive layers 
in multi-well assay plate of the invention. FIG. 6A shows a 
conductive layer 600 sectioned into six sections 602A, 602B, 
602C, 602D, 602E, and 602F. FIG. 6B shows conductive 
layer 620 sectioned into 12 sections 622A-L. FIG. 6C shows 
conductive layer 640 shows sectioned into 96 sections 644. 

FIG. 7 illustrates examples of sectioned electrodes in 
multi-well assay plate of the invention. FIG. 7A shows elec 
trode 700 sectioned into six sections. FIG. 7B shows elec 
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trode 720 sectioned into 12 sections. FIG.7C shows electrode 
740 sectioned into 8 Sections. FIG. 7D shows electrode 760 
sectioned into 96 sections. 

FIG. 8A illustrates a multi-well assay plate 800 of the 
invention. 

FIG. 8B illustrates a multi-well assay plate 830 of the 
invention. 

FIG. 8C illustrates a stylized cross sectional view of two 
wells 842A and 842B from the multi-well assay plate 830 
shown in FIG. 8B. 

FIG. 9A shows the components of a multi-well plate 930 
according to the invention. FIG. 9B shows a stylized cross 
sectional view of three wells from the multi-well assay plate 
930 shown in FIG.9A. 

FIG. 10A illustrates a multi-well assay plate 1000 of the 
invention. 

FIG. 10B shows a stylized cross sectional view of three 
wells from the multi-well assay plate 1000 shown in FIG. 
10A 

FIG. 11A illustrates a 96-well assay plate 1100 of the 
invention. 

FIG. 12A illustrates a 384-well assay plate 1200 of the 
invention. 

FIG. 13A illustrates a multi-well assay plate 1300 of the 
invention that has multiple fluid containment regions in each 
well. 

FIG. 13B illustrates a multi-well assay plate 1350 of the 
invention that has multiple fluid containment regions in each 
well. 

FIG. 14A illustrates a multi-well assay plate 1400 of the 
invention that has multiple fluid containment regions in each 
well. 

FIG. 14B shows a stylized cross sectional view of three 
wells from the 96-well assay plate 1400 shown in FIG. 14A. 

FIG. 15 illustrates a multi-well assay plate 1500 of the 
invention that has multiple fluid containment regions in each 
well. 

FIG. 16A illustrates a multi-well assay plate 1600 of the 
invention having a single patterned conductive layer on a 
substrate. FIG. 16B shows a conductive layer 1640 having a 
working electrode section 1642 and counter electrode section 
1644. FIG.16C shows plate 1660 and demonstrates alterna 
tive schemes for sectioning electrodes in multi-well assay 
plates. 

FIG. 17 illustrates an apparatus according to one embodi 
ment of the present invention. Reader 1700 comprises a cover 
1702, a light tight enclosure 1704 with one or more doors or 
apertures 1714, a photodetector 1706, optics 1708, multi-well 
assay plate 1710, plate aligner 1712, plate transporter 1716, 
bar code reader 1718, electronics 1720, current/voltage 
source 1722, plate electrical connector 1724, computer 1726, 
power supply 1728, data and network connections 1730, indi 
cators 1732, reagent handler 1734, one or more plate stackers 
1736, robotics 1738, and plate carrier 1740. 

FIG. 18 illustrates an apparatus according to the present 
invention. Reader 1800, which shows selected elements, 
illustrates a light tight enclosure 1804, photodetector 1806, 
optics 1808, plate transporter 1816, plate electronics 1820, 
input plate stacker 1836A, output plate stacker 1836B, input 
plate stack 1837A, output plate stack 1837B, and output door 
or aperture 1814B. 

FIG. 19 illustrates selected components of an apparatus 
according to the present invention wherein the illustration 
highlights the alignment of optics 1908, photodetector 1907, 
plate sector 1910A, and plate electrical connector 1924 hav 
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8 
ing contacts 1925. Light tight enclosure 1904, door or aper 
ture 1914, plate 1910, plate carrier 1940 and plate transporter 
1916 are also present. 

FIG. 20 illustrates selected components of an apparatus 
according to the present invention wherein the illustration 
highlights the imaging of a sector 2042A of a multi-well assay 
plate 2042 of the invention. Photodetector 2057, optics 2058, 
filter 2059, plate carrier 2040 and plate transporter 2047 are 
also indicated. 

FIG. 21 illustrates selected components of an apparatus of 
the invention wherein the illustration highlights the relative 
positions of plate sector 2110A, plate electrical connector 
2124 with contacts 2125, and photodiode array 2107 of pho 
todetector 2106. Plate 2110, photodetector circuit board 
2105, plate transporter 2116, and plate carrier 2140 are also 
shown. 
FIG.22 illustrates selected components of an apparatus of 

the invention wherein the illustration highlights photodiode 
array 2207 where the relative positions of photodiodes 
2207A-H with wells 2210A-H respectively of multi-well 
assay plate 2210. Plate electrical connector 2224, electronics 
2220, electrical contacts 2205, shield 2208, light tight enclo 
sure 2204 and plate carrier 2240 are also shown. 

FIG. 23 illustrates an apparatus according to the present 
invention. Reader 2300, which shows selected elements, 
illustrates a chassis 2301, photodetector 2306, multi-well 
assay plate 2310, plate transporter 2316, plate electrical con 
nector 2324 and a plurality of contacts 2325. 

FIG. 24 shows the ECL signal emitted from wells of sev 
eral embodiments of the multi-well assay plates of the inven 
tion as a function of the concentration of ruthenium-tris 
bipyridine in the wells. The ECL signal was measured by 
imaging using a cooled CCD camera. 

FIG. 25 shows the ECL signal emitted from wells of two 
embodiments of the multi-well assay plates of the invention 
as a function of the concentration of ruthenium-tris-bipyri 
dine in the wells. The ECL signal was measured with an array 
of eight photodiodes. 

FIG. 26 demonstrates the use of two embodiments of 
multi-well assay plates of the invention for carrying out sand 
wich immunoassays for prostate specific antigen (PSA). The 
plot shows the ECL signal as a function of the concentration 
of PSA. The ECL signal was measured by imaging with a 
cooled CCD camera. 

FIG. 27 demonstrates the use of two embodiments of 
multi-well assay plates of the invention for carrying out sand 
wich immunoassays for PSA. The plot shows the ECL signal 
as a function of the concentration of PSA. The ECL signal 
was measured with an array of eight photodiodes. 

FIG. 28 demonstrates the use of three embodiments of 
multi-well assay plates of the invention for carrying out sand 
wich immunoassays for AFP. The plot shows the ECL signal 
as a function of the concentration of AFP. The ECL signal was 
measured by imaging with a cooled CCD camera. 

FIG. 29 demonstrates the independent measurement by 
ECL sandwich immunoassay of four analytes (IL-1B, IL-6, 
TNF-C. and IFN-Y) in wells of a multi-well assay plate. The 
working electrode in each well is patterned with four assay 
domains, each assay domain comprising a capture antibody 
specific for one of the analytes. The plots show the ECL signal 
emitted from each assay domain as a function of the concen 
tration of each analyte. 

FIG. 30 demonstrates the independent measurement by 
ECL sandwich immunoassay of four analytes (IL-1B, IL-6, 
TNF-C. and IFN-Y) in wells of a multi-well assay plate. The 
working electrode in each well is patterned with four assay 
domains, each assay domain comprising a capture antibody 
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specific for one of the analytes. The figure shows an image of 
the ECL emitted from a sector of wells used to assay samples 
containing varying mixtures of the four analytes. The high 
lighted well is annotated to show the arrangement of the four 
assay domains. That specific well was used to assay a sample 
having 250 pg/mL each of IL-1B and TNF-C. and 8 pg/mL 
each of IL-6 and IFN-Y. 

FIG. 31 demonstrates the use of multi-well assay plates of 
the invention for carrying out a nucleic acid hybridization 
assay. The plot shows the ECL signal as a function of the 
concentration of a ruthenium-tris-bipyridine labeled DNA 
target. The ECL signal was measured by imaging with a 
cooled CCD camera. 

FIG.32 demonstrates the use of a multi-well assay plate of 
the invention in a chemiluminescence-based assay. 

FIG. 33 shows the integrated electrochemiluminescence 
intensity emitted from a 1536-well plate of the invention as 
function of the concentration of ruthenium(II)-tris-bipyridine 
dichloride in the wells. 

FIG. 34A shows preferred contact locations on assay plate 
having a 2x3 array of six square sectors. 

FIG.34B shows preferred contact locations on assay plate 
having an array of 12 columnar sectors. 

FIGS. 35a-fis a representative block diagram of an auto 
mated diagnostic device utilizing a CCD camera. 

FIGS. 36a-fis a representative block diagram of an auto 
mated diagnostic device utilizing a photodiode array. 

FIG. 37 is a diagram illustrating placement of bar code 
information along the edges of a microtiter plate. 

FIG.38 illustrates a top view of a four spot well configured 
to be measured by a single light detector according to one 
embodiment of the invention. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

The invention includes instrumentation and methods for 
conducting a variety of different types of measurements. The 
word “measurement” and verb forms of “to measure' as used 
herein include both quantitative and qualitative determina 
tions. 

The invention includes assay modules (e.g., plates, dip 
Sticks, measurement cells, cassettes, cartridges, elements or 
devices), plate or module components, apparatuses and meth 
ods for performing luminescence-based assays. The present 
invention describes several novel configurations and/or mate 
rials for electrodes in assay modules, particularly multi-well 
assay plates. One embodiment relates to an assay module 
having a plurality of assay domains or assay regions and, 
preferably, one or more wells or chambers. The assay mod 
ules of the present invention may be used once or may be used 
multiple times; in preferred embodiments, the modules (e.g., 
plates) are disposable. 

In this specification, inventive concepts may be disclosed 
in the context of assay plates (e.g., preferred electrode con 
figurations, electrode materials, laminar structures, means for 
making electrical contacts to an electrode from the bottom of 
a plate, apparatuses and methods for measuring electrode 
induced luminescence (preferably electrochemilumines 
cence)), however, the concepts are also applicable to embodi 
ments relating to other types of assay modules. The preferred 
embodiments of the invention relate to assay modules, pref 
erably assay plates, having a plurality of assay wells (e.g., 
“multi-well plates'). Preferred apparatus of the invention are 
designed to operate with the multi-well assay modules and 
generally incorporates features for inducing and measuring 
electrode induced luminescence. The multi-well assay mod 
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10 
ules and apparatus of the present invention greatly improve 
among other things the speed, efficiency, quality, ease and 
cost of luminescence, particularly electrode induced lumines 
cence, more particularly electrochemiluminescence, mea 
SurementS. 

The multi-well assay modules (e.g., plates) of the invention 
enable the performance of electrode induced luminescence 
based assays inside one or more wells or chambers of a 
multi-well assay module (e.g., the wells of a multi-well assay 
plate). Multi-well assay plates may include several elements 
including, for example, a plate top, a plate bottom, wells, 
working electrodes, counter electrodes, reference electrodes, 
dielectric materials, contact Surfaces for electrical connec 
tions, conductive through-holes electrically connecting the 
electrodes and contact surfaces, adhesives, assay reagents, 
and identifying markings or labels. The wells of the plates 
may be defined by holes in the plate top; the inner walls of the 
holes in the plate top may define the walls of the well. The 
plate bottom can be affixed to the plate top (either directly or 
in combination with other components) and can serve as the 
bottom of the well. 
The multi-well assay modules (e.g., plates) may have any 

number of wells and/or chambers of any size or shape, 
arranged in any pattern or configuration, and be composed of 
a variety of different materials. Preferred embodiments of the 
invention are multi-well assay plates that use industry stan 
dard multi-well plate formats for the number, size, shape and 
configuration of the plate and wells. Examples of standard 
formats include 96-, 384-, 1536- and 9600-well plates, with 
the wells configured in two-dimensional arrays. Other for 
mats include single well, two well, six well and twenty-four 
well and 6144 well plates. Preferably, the wells and/or cham 
bers have at least one first electrode incorporated therein, and 
more preferably also include at least one second electrode. 
According to preferred embodiments, the wells and/or cham 
bers have at least one working electrode incorporated therein, 
and more preferably also include at least one counter elec 
trode. According to a particularly preferred embodiment, 
working, counter and, optionally, reference electrodes are 
incorporated into the wells and/or chambers. The assay plates 
are preferably flat, but may also be curved (not flat). 

Moreover, one or more assay reagents may be included in 
wells, chambers and/or assay domains of an assay module 
(e.g., in the wells of a multi-well assay plate). These assay 
reagents may be immobilized or placed on one or more of the 
surfaces of a well and/or chamber (preferably on the surface 
of an electrode, most preferably a working electrode) and 
may be immobilized or placed in one or more distinct assay 
domains (e.g. in patterned arrays of reagents immobilized on 
one or more surfaces of a well and/or chamber, preferably on 
working electrodes and/or counter electrodes, most prefer 
ably on working electrodes). The assay reagents may also be 
contained or localized by features within the well and/or 
chamber. For example, patterned dielectric materials may 
confine or localize fluids. 
The preferred apparatus of the invention can be used to 

induce and measure luminescence in assays conducted in 
assay modules, preferably in multi-well assay plates. It may 
incorporate, for example, one or more photodetectors; a light 
tight enclosure; electrical connectors for contacting the assay 
modules; mechanisms to transport multi-well assay modules 
into and out of the apparatus (and in particular, into and out of 
light tight enclosures); mechanisms to align and orient multi 
well assay modules with the photodetector(s) and with elec 
trical contacts; mechanisms to track and identify modules 
(e.g. one or more bar code readers (e.g., one bar code reader 
for reading one side of a plate or module and another for 
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reading another side of the plate or module); orientation sen 
sor(s); mechanisms to make electrical connections to mod 
ules, one or more sources of electrical energy for inducing 
luminescence in the modules; and appropriate electronics and 
software. 
The apparatus may also include mechanisms to store, 

stack, move and/or distribute one or more assay modules (e.g. 
multi-well plate stackers). The apparatus may advanta 
geously use arrays of photodetectors (e.g. arrays of photo 
diodes) or imaging photodetectors (e.g. CCD cameras) to 
measure light. These detectors allow the apparatus to measure 
the light from multiple wells (and/or chambers) simulta 
neously and/or to image the intensity and spatial distribution 
of light emitted from an individual well (and/or chamber). 
The apparatus can preferably measure light from one or 

more sectors of an assay module, preferably a multi-well 
assay plate. In some embodiments, a sector comprises agroup 
of wells (and/or chambers) numbering between one and a 
number fewer than the total number of wells (and/or cham 
bers) in the assay module (e.g. a row, column, or two-dimen 
sional sub-array of wells in a multi-well plate). In preferred 
embodiments, a sector comprises between 4 percent and 50 
percent of the wells of a multi-well plate. In especially pre 
ferred embodiments, multi-well assay plates are divided into 
columnar sectors (each sector having one row or column of 
wells) or square sectors (e.g., a standard sized multi-well 
plate can be divided into six square sectors of equal size). In 
Some embodiments, a sector may comprise one or more wells 
with more than one fluid containment region within the wells. 
The apparatus, preferably, is adapted to sequentially induce 
ECL in and/or sequentially measure ECL from the sectors in 
a given module, preferably plate. 
The apparatus may also incorporate microprocessors and 

computers to control certain functions within the instrument 
and to aid in the storage, analysis and presentation of data. 
These microprocessors and computers may reside in the 
apparatus, or may reside in remote locations that interact with 
the apparatus (e.g. through network connections). 

In a general description of a preferred measurement opera 
tion, samples, reactants, and reagents for electrode induced 
luminescence (preferably electrochemiluminescence) assays 
are introduced into assay modules (preferably, into one or 
more wells of multi-well assay plates). The modules (e.g., the 
plates and the contents of their wells) are introduced into the 
measurement apparatus, either one at a time, or in multiples 
(e.g., by using a plate Stacker). A module is, preferably, trans 
ported into an enclosed region of the apparatus and, in par 
ticular, into a light-tight enclosure. The apparatus positions 
the module so that one or more (preferably, one) sectors are in 
alignment with the photodetector(s) and/or with electrical 
connector mechanisms. After making electrical contact to a 
sector, the apparatus applies a Voltage and/or current wave 
formand induces luminescence from labels within that sector. 
The apparatus measures the emitted light with photo 
detector(s) and stores the results. The apparatus may then 
sequentially repeat the measurements on other sectors (pref 
erably, one sector at a time). The sequential measurement of 
sectors may involve making electrical contact to a plurality of 
sectors and then sequentially applying electrical energy to the 
appropriate sectors and/or it may involve moving the module, 
photodetector(s) and/or electrical contacts with respect to 
each other so as to align the photodetectors and/or electrical 
contacts with the appropriate sector before firing. In an alter 
nate embodiment, the apparatus may be adapted to measure 
the entire module at once. After all measurements are com 
plete, the module is then, preferably, transported out of the 
light-tight enclosure. 
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In particularly preferred embodiments, the assay modules 

(in particular, the multi-well assay plates) and apparatus 
according to the present invention can greatly improve the 
speed and efficiency with which luminescence measurements 
may be conducted. By incorporating the ability to induce 
electrode induced luminescence directly in a well of a multi 
well assay plate, the invention overcomes an important limi 
tation of the prior art, namely, the need to transfer the contents 
of a well in a standard multi-well plate (which lacks the 
features necessary for electrode induced luminescence tests) 
into a separate instrument that can conduct electrode induced 
luminescence-based measurements. In preferred examples of 
the present invention, multiple electrode induced lumines 
cence (preferably electrochemiluminescence) test measure 
ments may be conducted in different wells of the same plate 
simultaneously. Such simultaneous operation dramatically 
increases the rate at which samples may be processed, elimi 
nates cross-contamination of samples, significantly improves 
overall testing efficiency and enables the measurement of 
multiple analytes simultaneously. Because the preferred 
embodiments of the present invention incorporate electrodes 
into each well of the multi-well assay plates, it eliminates the 
need for a permanent, reusable measurement cell in the appa 
ratus, which significantly reduces the cost and complexity of 
the apparatus. By measuring luminescence from sectors in a 
multi-well assay plate, the apparatus balances the desirable 
characteristics of rapid measurement times and high optical 
collection efficiencies. 
An important advantage of the multi-well assay plates 

according to the present invention is the ability to make them 
compatible with other apparatus already adapted to handle 
industry-standard multi-well plates. Compatibility with 
existing plate handling equipment facilitates rapid, efficient 
and economic loading, processing, storage and disposal of 
assay plates. Standard plate handling equipment may be used 
to transport assay plates from one apparatus to another or to 
and from storage. Existing fluid transfer equipment, such as 
automatic pipetting equipment, plate washers and mixing 
stations may be used to transfer samples, reactants, solutions 
and other reagents to and from the individual wells of a 
multi-well assay plate. Advantageously, the shape and size of 
the assay plates is compatible with Standard apparatuses for 
the conduct of pre-processing reactions, shaking or mixing 
operations or storage. Compatibility with existing equipment 
and sample handling processes allow for ready integration of 
the multi-well assay plates and apparatus of the present inven 
tion with existing laboratory equipment for handling and 
processing plates (such equipment may be incorporated, in 
whole or in part, into the apparatus and/or functionally linked 
or adjoined to the apparatus). This compatibility may be 
particularly advantageous in high throughput Screening 
operations. 

5.1 Multi-Well Assay Plates 
One aspect of the invention relates to improved assay mod 

ules (e.g., plates) adapted for use in assays, preferably lumi 
nescence assays, more preferably electrode induced lumines 
cence assays, even more preferably electro 
chemiluminescence assays. The assay modules of the inven 
tion are preferably suitable not only for ECL assays, but also 
Suitable for fluorescence assays, chemiluminescence assays, 
bioluminescence assays, phosphorescence assays, optical 
transmittance assays (e.g., measurements of optical density 
or light scattering) and electrochemical assays (e.g., wherein 
the measurement involves measuring current or Voltage). 

According to one preferred embodiment of the invention, 
an assay module or plate comprises one or more (preferably 
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two or more, 6 or more, 24 or more, 96 or more, 384 or more, 
1536 or more or 9600 or more) assay wells, assay chambers 
and/or assay domains (e.g., discrete locations on a module 
Surface where an assay reaction occurs and/or where an assay 
signal is emitted; typically an electrode surface, preferably a 
working electrode surface). According to a particularly pre 
ferred embodiment, the assay plate is a multi-well assay plate 
having a standard well configuration (e.g., 6 well, 24 well, 96 
well, 384 well, 1536 well, 6144 well or 9600 well). 
An electrode induced luminescence well (preferably elec 

trochemiluminescence well (i.e., a well adapted for electro 
chemiluminescence)) or electrode induced luminescence 
domain (preferably electrochemiluminescence assay domain 
(i.e., an assay domain adapted for electrochemiluminescence 
assays)) may include a first electrode Surface (such as a work 
ing electrode Surface) and, preferably also includes a second 
electrode Surface (such as a counter electrode Surface). 
The invention also relates to a multi-well module, prefer 

ably an assay plate, for conducting one or more assays, the 
module having a plurality of wells (and/or chambers), 
wherein two or more of the plurality of wells (and/or cham 
bers) comprise at least one first electrode surface and, pref 
erably at least one counter electrode Surface. According to a 
preferred embodiment, two or more of the plurality of wells 
(and/or chambers) comprise a working electrode surface and, 
preferably a counter electrode surface, adapted to induce 
luminescence in the wells. The invention also relates to a 
multi-well module, preferably a plate, for conducting one or 
more assays, the module having a plurality of wells, wherein 
one or more of the plurality of wells comprise a working 
electrode surface and a counter electrode surface adapted to 
induce luminescence in the wells. Preferably, all or substan 
tially all of the wells comprise an electrode surface. 

Another embodiment relates to a multi-well assay module, 
preferably an assay plate, for conducting electrode induced 
luminescence (preferably electrochemiluminescence) 
assays, the module, preferably plate, having a plurality of 
wells, wherein each of the plurality of wells comprises at least 
one first electrode Surface (e.g., a working electrode) and, 
preferably, at least one second electrode Surface (e.g., a 
counter electrode). 

Another embodiment relates to an assay plate for conduct 
ing one or more electrode induced luminescence (preferably 
electrochemiluminescence) assays, the plate having a plural 
ity of wells or assay regions comprising electrode Surfaces, 
wherein the electrode surfaces consist essentially of at least 
one working electrode Surface and at least one counter elec 
trode surface. 

Preferably, the assay regions or assay wells are free of 
reference electrodes allowing for a greater density of assay 
domains and simplified instrumentation for inducing and 
measuring luminescence. 

Preferably, the working electrode is adjacent, but not 
physically contacting the counter electrode. Preferably, the 
working electrode Surface and counter electrode Surface are at 
Substantially the same height or at the same height within the 
well. 

According to another embodiment, the spacing between 
the working electrode and counter electrode is preferably 
small, more preferably less than 0.5 inch, even more prefer 
ably less than 0.2 inch, even more preferably less than 0.1 
inch, even more preferably less then 0.05, even more prefer 
ably less than 0.01 inch and most preferred less than 0.005 
inch. Preferably, the electrodes are integrated into the assay 
module, preferably assay plate, allowing luminescence, pref 
erably electrode induced luminescence, more preferably 
electrochemiluminescence, to be induced without the use of 
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an external electrode probe. Preferably, an assay reagent is 
immobilized on the working electrode (discussed further 
below). In another preferred embodiment no assay reagent is 
immobilized on the working electrode (discussed further 
below). In yet another preferred embodiment, one or more 
assay reagents are immobilized on the working electrode 
(discussed further below). In yet another preferred embodi 
ment, two or more assay reagents are immobilized on the 
working electrode (discussed further below). 

In order to enhance luminescence collection efficiency 
and/or reduce the size of the imaging Surface and/or number 
of light detectors, the module is preferably electrically 
addressable in sectors. That is, rather than measuring light 
from a single well, chamber, or assay domain at a time (which 
is time inefficient) or measuring light from the entire module 
(which reduces light collection efficiencies, requires multiple 
light detectors or requires the use of larger light detectors), the 
module and apparatus are configured to allow for the mea 
Surement of luminescence in portions of the assay module 
(preferably, more than one assay domain, well or chamber at 
a time, but less than all). Preferably, the portions of the assay 
module are in sectors, where the terms “sector” or “sectors' 
when used in the context of a plate or module is used hereinto 
refer to independently addressable groups of one or more 
(preferably two or more) jointly addressable assay wells, 
assay chambers or assay domains. Preferably, the sectors 
comprise one or more electrodes, more preferably two or 
more jointly addressable (e.g., electrically connected) work 
ing electrodes. 
One embodiment relates to an assay module (preferably, an 

assay plate, more preferably a multi-well plate) for conduct 
ing luminescence assays (preferably electrode induced lumi 
nescence assays, more preferably electrochemiluminescence 
assays) comprising a Substrate surface having a plurality of 
electrodes patterned thereon, wherein the plurality of elec 
trodes are patterned so as to form independently addressable 
sectors comprising jointly addressable electrodes. 

According to another embodiment, the assay module (pref 
erably a multi-well plate) has a plurality of wells, each well 
comprising a first electrode surface (preferably suitable for 
use as a working electrode in an electrode induced lumines 
cence assay) and, preferably, a second electrode Surface (pref 
erably suitable for use as a counter electrode in the electrode 
induced luminescence assay). Referring to FIG. 2, each well 
158 of multi-well assay plate 150 according to a particularly 
preferred embodiment of the invention comprises a working 
electrode 168 and a counter electrode 166. 
The working electrode surface area may be smaller, the 

same or larger than the counter electrode surface area. In 
Some embodiments, the working electrode surface is prefer 
ably much larger than the counter electrode surface. See 
FIGS. 2A, 2B and 2D, for example. This configuration allows 
for a greater working electrode Surface on which to immobi 
lize assay reagents. Preferably, the surface ratio of the work 
ing electrode surface to the counter electrode surface is at 
least 2 to 1, more preferably at least 5 to 1, even more pref 
erably at least 10 to 1, still more preferred at least 50 to 1, even 
more preferably at least 100 to 1 and most preferred at least 
500 to 1. Surprisingly, the assay modules of the invention 
provide for the performance of electrochemiluminescence 
assays with very little counter electrode surface. Preferably, 
the working electrode is substantially centered within the 
well so as to maximize the percentage of ECL emitted from 
the electrode that can be captured by a light detector placed 
above the well. 

According to another embodiment, the first electrode Sur 
face (e.g., working electrode surface) is centered at the bot 
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tom of each well and the second electrode surface (e.g., 
counter electrode surface) is adjacent the periphery of the 
bottom of each well. In some embodiments, the working 
electrode surface is centered at the bottom of each well and is 
completely surrounded by the counter electrode surface. 
Referring to FIG. 2D, working electrode 270 is completely 
surrounded by counter electrode 266. Preferably, the counter 
electrode Surface is adjacent, but not in contact, with the 
working electrode (being separated by gap and/or insulating 
material 268). 

Another embodiment of the invention relates to a multi 
well assay module having a plurality of wells, each well 
having a well bottom comprising a first electrode surface, a 
second electrode surface and a dielectric surface (preferably 
the dielectric surface is the surface of the bottom of the well 
between the first electrode surface and the second electrode 
surface), wherein the ratio of the first electrode surface and 
the dielectric surface is at least 5 to 1, preferably 10 to 1, more 
preferably 30 to 1. 

According to another embodiment the well bottom com 
prises 30 to 99.1% working electrode surface, 0.1 to 50% 
counter electrode surface and 0.01 to 70% dielectric surface. 
Preferably, the well bottom comprises 30 to 99.1% working 
electrode surface, 0.1 to 30% counter electrode surface and 
0.01 to 70% dielectric surface, more preferably the well bot 
tom comprises 50 to 99.1% working electrode surface, 0.1 to 
20% counter electrode Surface and 0.01 to 70% dielectric 
surface, even more preferably 75 to 99.1% working electrode 
surface, 0.1 to 10% counter electrode surface and 0.01 to 70% 
dielectric surface, even more preferably 80 to 99.1% working 
electrode surface, 0.1 to 5% counter electrode surface and 
0.01 to 70% dielectric surface and most preferably 85 to 
99.1% working electrode surface, 0.1 to 1% counter electrode 
surface and 0.01 to 70% dielectric surface. 

Alternatively, for some applications it is desirable that 
working electrode Surfaces be Small, e.g., relative to the Sur 
face area of a well or well bottom. In some applications, this 
configuration may reduce non-specific signals. According to 
one embodiment of the invention, the multi-well assay mod 
ule has a plurality of wells, each well having a well bottom 
comprising a first electrode surface, a second electrode Sur 
face and a dielectric surface (preferably the dielectric surface 
is the surface of the bottom of the well between the first 
electrode surface and the second electrode surface), wherein 
the ratio of the first electrode surface and the dielectric surface 
(or alternatively the surface of the well bottom) is less than 1 
to 5, preferably 1 to 10, more preferably 1 to 30. 

According to one preferred embodiment of the invention, 
the assay module comprises a first electrode Surface (prefer 
ably a working electrode surface) that is bounded by a dielec 
tric surface, the dielectric surface being raised or lowered 
(preferably, raised) and/or of different hydrophobicity (pref 
erably, more hydrophobic) than the electrode surface. Prefer 
ably, the dielectric boundary is higher, relative to the elec 
trode surface, by 0.5-100 micrometers, or more preferably by 
2-30 micrometers, or most preferably by 8-12 micrometers. 
Even more preferably, the dielectric boundary has a sharply 
defined edge (i.e., providing a steep boundary wall and/or a 
sharp angle at the interface between the electrode and the 
dielectric boundary). Preferably, the first electrode surface 
has a contact angle for water 10 degrees less than the dielec 
tric surface, preferably 15 degrees less, more preferably 20 
degrees less, more preferably 30 degrees less, even more 
preferably 40 degrees less, and most preferred 50 degrees 
less. One advantage of having a dielectric Surface that is 
raised and/or more hydrophobic than the electrode surface is 
in the reagent deposition process where the dielectric bound 
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ary may be used to confine a reagent within the boundary of 
the electrode surface. In particular, having a sharply defined 
edge with a steep boundary wall and/or a sharp angle at the 
interface between the electrode and dielectric boundary is 
especially useful for "pinning drops of Solution and confin 
ing them to the electrode Surface. 

According to another embodiment, an assay module com 
prises one or more (preferably two or more) wells, the wells 
having one or more first electrode surfaces (preferably one or 
more working electrode Surfaces) and a plurality of assay 
domains immobilized therein. Preferably, at least two of the 
plurality of the assay domains comprises different binding 
reagents. Preferably, each well comprises at least four, more 
preferably at least seven, even more preferably at least ten 
assay domains and most preferred at least 15 assay domains. 
One preferred embodiment is a 24 well plate wherein each 
well comprises at least 16, preferably at least 25, more pref 
erably at least 64, even more preferably at least 100 assay 
domains per well and most preferably at least 250 assay 
domains per well. 

Another embodiment of the invention relates to a multi 
well module (preferably a multi-well plate) having a plurality 
of wells, wherein the wells comprise a plurality of working 
electrode Surfaces having assay domains immobilized 
thereon. Preferably, the assay domains are independently 
addressable. For example, a well may comprise a plurality of 
assay domains, wherein each assay domain comprises an 
electrode which is independently addressable from the other 
assay domains within the well. In another example, a group of 
wells may each comprise a plurality of assay domains, 
wherein each assay domain comprises an electrode which is 
independently addressable from the other assay domains 
within the well, but which is jointly addressable with an assay 
domain in each of the other wells. 
As discussed above and described in more detail below, 

one aspect of the invention may involve detecting emitted 
luminescence using an imaging System. According to a pre 
ferred embodiment, the apparatus may employ a camera, 
which images the assay module (e.g., a multi-well plate). 
Since the distance between the camera or imaging Surface and 
the Source of luminescence (e.g., working electrode surface) 
can impact the quality of the image, controlling Such dis 
tances is preferred. For example, if the working electrode 
Surfaces (e.g., the Surfaces at which luminescence may be 
induced or generated) are formed on well bottoms and two or 
more wells are imaged simultaneously, the height of the 
working electrode Surface (and corresponding distance to the 
camera) is preferably substantially the same. Preferably, the 
variation is less than 0.01 inches, more preferably less than 
0.005 inches and most preferably less than 0.001 inches. 
Thus, the parameters, which may cause such variation, are 
preferably controlled (e.g., electrode thickness and height, 
flexing or warping of the assay module, etc.). 

Thus, the plate bottom of an assay plate is preferably flat. 
For example, when a multi-well assay plate is placed on a flat 
Surface, the variation in height measured from the flat Surface 
to the electrode surfaces in each of the plurality of wells is 
preferably less than 0.01 inches, more preferably less than 
0.005 inches and most preferably less than 0.001 inches. That 
is, referring to the cross-sectional view in FIGS. 2H, 2I and 2J 
and FIGS. 8C,9B, 10B and 14B, the vertical height of each 
working electrode surface in each of the wells is preferably 
Substantially the same (i.e., the same vertical height through 
out the well or assay region). Preferably, the vertical height 
within at least the wells within each sector is the same (i.e., the 
same vertical height throughout the sector). Even more pref 
erably, the vertical height within each sector of a plate is 
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Substantially the same (i.e., the same vertical height through 
out the plate). Otherwise, the light detector or imaging system 
may need to be re-focused for each sector to optimize the 
measurement (discussed further below in Section 5.8). 

Accordingly, another embodiment relates to a multi-well 
plate comprising: 

(a) a plurality of wells, the wells having well bottoms; and 
(b) a plate substrate; 
wherein when the multi-well plate is placed on a flat sur 

face, the well bottom is elevated from the flat surface 
0.050 to 0.150 inches, preferably, 0.103 to 0.107 inches, 
more preferably 0.104-0..106, and most preferred about 
O.105. 

Providing a more uniform and consistent well bottom 
elevation enables control of the electrode surface height 
variation, even for different plate formats. Preferably, the 
plate comprises greater than 100 wells or less than 90 wells. 
Thus, the height may be maintained whether the plate is a 96 
well plate, a 6 well plate, a 384 well plate or otherwise. This 
allows for the use of different plate configurations without 
distorting the image or without having to refocus the imaging 
system. That is, one may use a variety of different plate 
formats without re-focusing the imaging system if the dis 
tance between the camera and working electrode surface is 
maintained from plate to plate. This is particularly advanta 
geous, for example, if a plate Stack including a number of 
plates having different plate formats is being used. 

Preferably, the plate bottom has a thickness less than 10 
cm, preferably less than 5 cm, even more preferably less than 
1 cm, even more preferably less than 5 mm, even more pref 
erably less than 1 mm, even more preferably 0.1 mm, even 
more preferably 0.01 mm, and most preferred 0.001 mm. 

According to one embodiment, the plate bottom elevation 
is provided using “legs” or a skirt to elevate the plate off any 
surface on which it rests. FIG. 1 illustrates skirt 112 and FIG. 
8C illustrates skirt 836, both of which are embodiments of 
"skirts' according to the invention that may be configured to 
elevate the plate. Preferably, the plate is elevated to maintain 
the distance between the working electrode surface and the 
imaging Surface or camera. Thus, although the well depth of 
the 384 well plate may be different than that of a 96 well plate, 
the legs on the 96 well plate would be configured to adjust its 
working electrode surface to be comparable to that of the 384 
well plate. Advantageously, the skirt and/or the elevation of 
the plate bottom are also configured so as to prevent contact 
between top edge or lip of the well of one plate in a stack with 
the bottom surface of the next higher plate in the stack. Pre 
venting Such contact prevents the plates from Sticking 
together and reduces condensation from occurring on the 
bottom of plates. Alternatively, the plates may be adapted to 
form a seal when stacked (e.g., to reduce or prevent contami 
nation and/or the evaporation of the well contents). 

According to one embodiment, an adhesive layer 944 may 
be employed to both attach a plate top to a plate bottom and 
also provide sealing between the wells. (See also, for 
example, adhesive layer 806 of FIG. 8A: adhesive layer 844 
of FIG. 8B; adhesive layer 1030 of FIG. 10A; adhesive layer 
1530 of FIG. 15; and adhesive layer 1604 of FIG. 16A). 
Preferably, the thickness of the adhesive layer is 0.0002-0.01 
inches, more preferably 0.0005-0.008 inches, even more pref 
erably 0.002-0.006 inches and most preferably approxi 
mately 0.005 inches. Preferably, in such embodiments, the 
well walls are at least 0.03 inches, or more preferably, at least 
0.05 inches thick to allow for reliable and leak-free sealing. 
According to one preferred embodiment, the adhesive layer is 
a double coated film preferably comprising at least a 0.5 mil 
(0.02 mm) carrier film (e.g., polyester) coated on both sides 
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with an adhesive (preferably an acrylic based adhesive) of at 
least 2 mils (0.08 mm). The carrier provides dimensional 
stability and the 2 mil adhesive coat prevents leaks. Prefer 
ably, the adhesive layer is Keystone Tapes W-546,3M 4768 or 
a combination thereof, more preferably 3M 4768. Other suit 
able adhesives or adhesive layers may include Ideal (887), 
3M(444, 442, 415), Morgan IB-2100, Nashua 943, Permacel 
P-941, Tesa 4972, Avery Dennison adhesives (e.g., UVA tape) 
and Adhesives Research adhesives. 

Preferably, the wells are separated from each adjacent well 
by between 0.03 and 0.3 inches, preferably (for 96 well 
plates) between about 0.09 and 0.11 inches, most preferred 
about 0.104 inches. Optimizing the well wall thickness and 
well separation advantageously reduces and preferably pre 
vents sample leakage from one well into another well. This 
may be a problem, for example, if the electrical contacts of the 
apparatus push up onto the well bottoms causing flexing. 

Another way to mitigate the problem of well leakage 
involves improving the sealing between the wells. Referring 
to FIG.9B, working electrode surface 958 and dielectric layer 
950 preferably extend beyond well 942. Thus, one embodi 
ment of the invention relates to a multi-well plate comprising 
a dielectric Surface and a working electrode layer, wherein the 
dielectric surface is comprised of a dielectric layer formed on 
a portion of the working electrode layer wherein the working 
electrode layer and the dielectric layer extend beyond the well 
walls. According to another embodiment, the working elec 
trode layer and the dielectric layer are deposited onto a plate 
bottom or substrate and extend beyond the well helping to 
seal the wells. Preferably, at least a portion of the working 
electrode surface, the counter electrode surface, and/or the 
dielectric layer extend beyond the well wall. 

According to another aspect of the invention, one or more 
of the electrodes are integrated into a plate bottom or assay 
module Substrate. In one embodiment of the invention, an 
assay module is formed by combining Such a plate bottom or 
assay module Substrate with a suitable assay module top. The 
top may comprise holes, wells, channels, tubes, compart 
ments, etc. that define wells, chambers, channels, tubes and/ 
or microfluidics within the assay module. Thus, the invention 
also relates to plate bottoms or assay module Substrates hav 
ing a variety of electrodes, electrical contacts and conductive 
through-hole combinations. Also included within the scope 
of the invention are multi-well plates, formed by attaching a 
Suitable plate top to the plate bottom and apparatuses and 
methods adapted to perform assays using Such plates. 

Thus, another aspect of the invention relates to assay mod 
ule substrates, preferably multi-well plate bottoms (e.g., hav 
ing no plate top). For example, such plate bottoms can be 
affixed with the plate top thus forming a multi-well plate for 
use in conducting assays. 

FIG. 2 illustrates a multi-well assay plate 150 according to 
a preferred embodiment of the present invention. A 96-well 
assay plate 150 comprises an outer lip 152, an inner lip 154, 
a top surface 156, and 96 individual wells 158 separated by 
spacers 160. Defined between wells 158 and spacers 160 are 
inter-well regions 170. 

Preferably, the majority of plate 150 (e.g., all but the bot 
tom surfaces of wells 158) is a unitary molded structure made 
from rigid thermoplastic material Such as polystyrene, poly 
ethylene or polypropylene (alternatively, the entire plate, 
including the bottom surface of wells 158, may be a unitary 
structure). According to one preferred embodiment, the mate 
rial comprises polystyrene blended with High Impact Poly 
styrene (HIPS) to reduce the brittleness of the material. Pref 
erably, between 4 and 16 wt % HIPS is blended with the 
polystyrene, more preferably between about 8 and 12 wt %. 
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Optimally, the unitary structure of plate 150 is formed of 
inexpensive material that is generally impervious to reagents 
typically encountered in ECL measurements, resistant to the 
adsorption of biomolecules, and can withstand modest levels 
of heat and light. Advantageously, the plate materials (includ 
ing any adhesives used to seal the wells) are impervious to 
organic solvents typically used to dissolve chemical libraries 
for high throughput screening (preferably the plate is unaf 
fected by 10% aqueous solutions of DMSO or methanol, 
more preferably by 20% aqueous solutions of DMSO or 
methanol, or most preferably by 100% DMSO or methanol). 
Preferably the use of silicone-containing materials is avoided 
in the components used to make up a plate since silicones can 
contaminate Surfaces of the plate and affect wetting, adsorp 
tive and/or electrode properties of surfaces (preferably, the 
plate or a given component of the plate contains less than 1 wit 
% silicone, more preferably less than 0.1 wt % silicone or, 
most preferably, less than 0.01% silicone). 

Different colored material for plate 150 may be used to 
improve the results of certain ECL measurement processes. It 
is preferable to use a material that does not transmit light so as 
to prevent cross-talk between wells. A highly reflective metal 
lic coating or constituent material may provide an especially 
reflective interior surface for each of wells 158 to increase the 
efficiency with which light can be transmitted to photodetec 
tors. An opaque white plastic material Such as a plastic filled 
with light scattering particles (e.g., lead oxide, alumina, silica 
or, preferably, titanium dioxide particles) may provide an 
interior surface for each of wells 158 that is highly light 
scattering thereby improving light gathering efficiency. Alter 
natively, an opaque black material for plate 150 may advan 
tageously prevent the reflection or scattering of ECL-gener 
ated light from different locations within a well 158 so as to 
prevent reflective interference during ECL test measure 
ments. In general, when imaging light emitted from a well 
(e.g., when using a camera to produce an image of light 
emitted from the well) it is advantageous that the interior 
surface of wells 158 comprise an absorptive (e.g., black) 
non-scattering material since the detection of scattered light 
will reduce the fidelity of the image. In general, when detect 
ing light in a non-imaging mode (e.g., when a single light 
detector is used to detect all the light emitted from a well) it is 
advantageous that the interior surface of wells 158 comprise 
a reflective or highly scattering materialso as to maximize the 
collection of light at the detector. 

Plate 150 may be composed of several parts joined 
together. In many embodiments plate 150 and elements outer 
lip 152, inner lip 154, top surface 156, spacers 160, inter-well 
region 170, corner recesses or chamfers 172, and wall 162 
(having interior Surface 164) comprise a plate top. The plate 
top of plate 150 may have holes, the sides of which are defined 
by interior surface 164 of wall 162. The plate top can then be 
combined with a plate bottom that defines, together with the 
plate top, wells 158. The plate bottom advantageously com 
prises a working electrode 168 and may further comprise a 
counter electrode 166. The plate bottom may, optionally, 
comprise one or more independent reference electrodes (not 
shown). Preferably, reference electrodes are not included. 
The plate bottom may be a continuous element or may be 
composed of many elements, either coupled together or com 
pletely distinct. Working electrode(s) 168 may comprise the 
predominant structure for the plate bottom or, alternatively, 
may be Supported on another element that provides appropri 
ate structural properties. The plate bottom may be affixed to 
the plate top by a variety of means, for example, by using 
adhesives or other bonding agents, conducting or dielectric 
films, by bonding, fusing or welding the constituent parts, by 
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mechanical fasteners such as clamps, screws, tabs and slots, 
or by other structures or means known in the art. 

Alternatively, plate 150 may be formed from any material 
that can be formed into an appropriate shape. Materials such 
as plastics, elastomers, ceramics, composites, glasses, metals, 
carbon materials or the like can be used. While it is preferred 
that the majority of plate 150 be a single unitary structure, it 
is within the scope of the present invention to provide plate 
150 with removable or otherwise contiguable components, 
particularly wells 158. Plate 150 can be conductive or non 
conductive. In applications in which plate 150 is conductive, 
plate 150 may be grounded or itself function as a counter 
electrode or a working electrode. 

Outer lip 152 extends downwardly and inwardly to provide 
a rigid lip extending around the entire periphery of plate 150. 
Outer lip 152 may function to aid in the alignment and ori 
entation of plate 150 and may function to allow robotic sys 
tems to handle the plate. As shown, outer lip 152 preferably 
includes two recessed corner recesses 172 that provide iden 
tifying physical indicia for plate 150. In particular, corner 
recesses 172 facilitate the alignment and handling of plate 
150 and assist in distinguishing plate 150 from other plates 
having different configurations of recessed areas along their 
respective peripheries. Advantageously, the dimensions and 
structure of outer lip 152 are preferably in accordance with, or 
at least compatible with, industry standards for the footprints 
of similar types of assay plate. 

Inner lip 154 extends upwardly from the top surface of 
outer lip 152 to a height slightly above top surface 156. Top 
surface 156 is thus recessed within inner lip 154. The other 
wise rectangular shape of inner lip 154 is interrupted at two 
corners by corner cutouts shaped to define part of corner 
recesses 172. 
Top surface 156 extends around the periphery of plate 150 

within the confines of inner lip 154. Preferably, top surface 
156 extends inward to the midpoint of each of the outer most 
of wells 158. Alternatively, top surface 156 is a continuous 
surface extending throughout the areas defined between wells 
158. As preferred, spacers 160 structurally connect wells 158 
to each other and, in conjunction with the outside Surfaces of 
wells 158, define inter-well regions 170. 

Each of wells 158, preferably, comprise a wall 162, an 
interior surface 164, a counter electrode 166, and a working 
electrode 168. As shown, wall 162 may define a cylindrical 
volume extending above top surface 156 and downwardly to 
at least counter electrode 166 or working electrode 168. Alter 
natively, wall 162 may not extend to electrodes 166 or 168 and 
may be flush with top surface 156. In another embodiment, 
not shown, wall 162 is rectilinear with a quadrilateral cross 
sectional, preferably square or rectangular. 

Wall 162 has an interior surface 164 that is preferably 
cylindrical in shape and defines a volume of well 158. Inner 
surface 164 preferably extends the depth of well 158. At 
bottom, or at a position near the bottom of well 158, counter 
electrode 166 and/or working electrode 168 comprise a bot 
tom surface of well 158. Such bottom surface is preferably not 
integral to plate 150 or well 158 in that it is formed of different 
materials. Counter electrode 166 and working electrode 168 
may be coplanar or at different depths within well 158. Pref 
erably, interior surface 164, counter electrode 166 and work 
ing electrode 168 together form a container suitable for hold 
ing liquids as well as solids, gels and similar states of matter. 

Inter-well regions 170 may be open passages extending 
through plate 150 or, preferably, include base structure inte 
gral to plate 150. Such base structure may bear indicia iden 
tifying wells 158 individually. In addition to corner recesses 
172, plate 150 may bear other identifying indicia. For 
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example, plate 150 may include a bar code identification 
stripe pattern on top surface 156, on the exterior of inner lip 
154, on the exterior surface of outer lip 152, on the underside 
of plate 150, or elsewhere on plate 150. 

In alternate preferred embodiments, plate 150 may be con 
figured as a multi-well assay plate having any number of 
wells. For example, 1-well, 6-well, 24-well, 96-well, 384 
well, 1536-well, 6144-well and 9600-well plates may be con 
structed in accordance with the present invention as described 
herein. Multi-well assay plates of the invention may have a 
number of wells ranging from 1 to 2, 2 to 6, 6 to 24, 24 to 96, 
96 to 384, 384 to 1536, 1536 to 9600, 6144 to 100,000, or 
greater than 100,000. Preferred embodiments have wells that 
range in volume from 10 nL to 100 mL, 100 nL to 1 uL, from 
1 u to 100 uL, from 100 uL to 1 mL and from 500 uL to 10 
mL. The wells 158 of plate 150 may be configured in many 
different shapes and sizes, such as wells with rectangular 
cross sections, very shallow wells or depressions (dimples) or 
the like, to accommodate particular reaction criteria or exist 
ing equipment and implement integrated ECL electrode tech 
nology according to the present invention. 

Assay reagents (e.g., binding reagents, coreactants, ECL 
labels) may be immobilized on the bottom surface of the well 
158. These reagents may be covalently or non-covalently 
immobilized on the bottom surface. Advantageously, 
reagents are immobilized on the working electrode 168. In 
preferred embodiments, assay reagents are immobilized in 
assay domains on working electrode 168. These assay 
domains may be distinct or contiguous. In some embodi 
ments, multiple distinct assay domains containing assay 
reagents are present on the working electrode 168. 

According to one embodiment, the plate further comprises 
a cover or lid or plate seal (“cover) adapted to cover the wells 
and thereby reduce or prevent evaporation and/or prevent 
contamination. The cover may be, for example, a hard plastic 
cover or an adhesive flexible tape. The cover may be dispos 
able and/or reusable. 

According to one embodiment, the cover is opaque to 
protect light sensitive components within the plate. In this 
embodiment, the cover is removed prior to measurement of 
the luminescence. According to another embodiment, the 
cover is transparent, preferably transparent enough to allow 
luminescence to be measured through it. Preferably, at least 
the bottom surface of the cover is treated (e.g., with a hydro 
philic or hydrophobic coating) to prevent detrimental cloud 
ing of the lid. According to one embodiment, the bottom 
surface is hydrophobic to reduce condensation and thereby 
reduce clouding. According to an alternative embodiment, the 
bottom Surface is hydrophilic to promote uniform wetting and 
thereby also reduce clouding. 

5.1.1 Embodiments of Wells in a Multi-Well Assay Plate 
FIGS. 2A-D, 3A-C, and 4A-E provide views of a number 

of alternative configurations for wells 158. These figures 
show wells having first electrodes (preferably working elec 
trodes), second electrodes (preferably counter electrodes), 
and in Some cases, boundaries. The figures show the exposed 
Surfaces of the components. In some embodiments of the 
invention some of these components may have additional 
surfaces buried under other components. Preferably, the first 
and second electrodes are not in electrical contact (e.g., there 
is a least a small gap or some interposing material between the 
electrodes in the vertical and/or horizontal dimensions). In 
the figures, a line shown dividing working and counter elec 
trode surfaces may represent Such a gap or interposing mate 
rial. Preferably, the working electrode is placed at or substan 
tially at the center of the well bottom, so as to minimize 
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shadowing by the well walls of luminescence generated at the 
working electrode; preferably, the counter electrode is placed 
at or substantially at the edges of the wells. FIG. 2A illustrates 
well 200 comprising wall 162, having an inner surface 164; a 
counter electrode 166; and a working electrode 168. Well 200 
may, optionally, comprise a reference electrode (not shown). 
As shown, interior surface 164 of wall 162 defines a cylindri 
cal volume. At or near the bottom of such cylindrical volume, 
counter electrode 166 extends in a ring-shape area between 
interior surface 164 and circular working electrode 168. Wall 
162 is preferably comprised of materials described previ 
ously for plates 150. It may also, however, be comprised of 
other materials and/or have coatings on its surface 164. 
Counter electrode 166 may be coplanar with the surface of 
working electrode 168 or it may beat a different depth. It may 
also be a material or coating affixed to inner surface 164. It is 
preferred that counter electrode 166 itself defines a cylindri 
cal volume above working electrode 168. Preferably, counter 
electrode 166 has an inner radius which is at least 20% of the 
radius of inner surface 164, more preferably is at least 50% of 
the radius of inner surface 164 and most preferably is at least 
80% of the radius of inner surface 164. Preferably, counter 
electrode 166 is not in direct electrical contact with working 
electrode 168 and a gap or insulating layer (not shown) is 
interposed between electrodes 166 and 168. 

FIG. 2B illustrates well 220, another embodiment of well 
158. Well 220 comprises wall 222 having an interior surface 
224; counter electrode 226A and 226B; and working elec 
trode 230. Preferably, counter electrodes 226A and 226B are 
symmetrical electrode areas abutting opposite sides of inte 
rior surface 224. Preferably, counter electrodes 226A and 
226B are electrically isolated from working electrode 230 by 
a gap or insulating layer interposed between the electrodes. 
Preferably, each of counter electrodes 226A and 226B is less 
than 40% of the cross-sectional area defined by inner surface 
224, more preferably is less than 20% of such area, and most 
preferably is less than 10% of such area. Well 220 may, 
optionally, comprise a reference electrode (not shown). 

FIG. 2C illustrates well 240, another embodiment of well 
158. Well 240 comprises wall 242 having an interior surface 
244, counter electrodes 246A and 246B, and working elec 
trode 250. Preferable counter electrodes 246A and 246Babut 
opposite sides of interior surface 244. Preferably, counter 
electrodes 246A and 246B are electrically isolated from 
working electrode 250 by a gap (or insulating layer)248A and 
248B interposed between the electrodes. Preferably, each of 
counter electrodes 246A and 246B is less than 40% of the 
cross-sectional area defined by inner Surface 244, more pref 
erably is less than 20% of such area, and most preferably is 
less than 10% of such area. Well 240 may, optionally, com 
prise a reference electrode (not shown). 

FIG. 2D illustrates well 260, another embodiment of well 
158. Well 260 comprises wall 262 having an interior surface 
264, counter electrode 266, and working electrode 270. Pref 
erable counter electrode 266 abuts interior surface 264. Pref 
erably, counter electrode 266 is electrically isolated from 
working electrode 270 by a gap (or insulating layer) 268 
interposed between the electrodes. Preferably, counter elec 
trode 266 is less than 40% of the cross-sectional area defined 
by inner surface 264, more preferably is less than 20% of such 
area, even more preferably less than 10% of such area, even 
more preferably less than 5% of such area and most prefer 
ably is less than 1% of such area. Well 260 may, optionally, 
comprise a reference electrode (not shown). 

FIG. 3A illustrates well 300, another embodiment of well 
158. Well 300 comprises wall 302 having an interior surface 
304, counter electrodes 306A and 306B and working elec 



US 7,842,246 B2 
23 

trode 310. Well 300 may, optionally, comprise a reference 
electrode (not shown). Preferably counter electrodes 306A 
and 306B abut interior Surface 304. Counter electrodes 306A 
and 306B are preferably electrically isolated from working 
electrode 310 by a gap (or insulating layer) 308A and 308B 
interposed between the electrodes. Working electrode 310 
may be, but is not necessarily, in contact with interior Surface 
304. Working electrode 310 has one or more assay domains 
312. Assay domains 312 may contain assay reagents. Prefer 
ably assay domains 312 comprise assay binding reagents (so 
as to form binding domains), reaction Substrates (e.g., Sub 
strates of enzymatic activities) or calibration reagents. Assay 
domains 312 may comprise assay reagents in dry, liquid, gel 
or solid form. The reagents may be immobilized on working 
electrode 310. Assay domains 312 may comprise binding 
reagents for one or more analytes in a sample, and each assay 
domain may contain the same or different assay reagents. 
Assay domains 312 may be formed by depositing reagents 
(e.g., by a variety of methods understood for depositing 
reagents) on specified locations on the Surface of working 
electrode 310 or may be incorporated into working electrode 
310 (e.g., as reagents entrained in the material that composes 
working electrode 310). In another embodiment, assay 
domains 310 are defined as regions of working electrode 310 
with different physical, chemical or compositional properties 
relative to each other and/or to other regions of the surface of 
working electrode 310. For example, assay domains may 
represent especially hydrophilic or hydrophobic regions, 
regions of high or low surface area, depressions or protru 
sions, regions Surrounded by physical barriers and/or regions 
of high or low conductivity. They may also comprise regions 
with one or more materials (e.g., a gel) deposited on the 
Surface of the electrode. FIGS. 3B and 3C illustrate wells 330 
and 360 respectively, which show additional embodiments. 
Well 330 has assay domains 336 which are arranged in a 
different pattern than assay domains 312. Well360 has assay 
domains 366 which illustrate different shapes for assay 
domains 366. It will be appreciated that the shape, number, 
pattern of distribution and properties of assay domains as 
described herein can have many variations, all of which are 
encompassed by the present invention. Preferably, each well 
comprises one or more, preferably at least two domains, more 
preferably at least four, even more preferably at least seven, 
even more preferably at least 15 and most preferably at least 
20 assay domains. Other preferred embodiments include 
plates wherein each well comprises at least 50, more prefer 
ably at least 75, even more preferably at least 100 assay 
domains per well. 

FIGS. 4A through 4E show embodiments of well 158 that 
illustrate the use of boundaries to define one or more distinct 
exposed regions and/or assay domains on a working elec 
trode. While each figure shows specific numbers, shapes and 
arrangements of the exposed regions or assay domains, it is 
understood that the invention encompasses wells varying in 
these parameters. FIG. 4A illustrates well 400, another 
embodiment of well 158, and shows the use of boundaries to 
form distinct regions on an electrode (in particular, assay 
domains as described above). Well 400 comprises wall 402 
having an interior surface 404, counter electrodes 406A and 
406B and working electrode 410. Well 400 may, optionally, 
comprise a reference electrode (not shown). Preferably 
counter electrodes 406A and 406 Babut interior surface 404. 
Counter electrodes 406A and 406B are electrically isolated 
from working electrode 410 by a gap (or insulating layer) 
408A and 408B interposed between the electrodes. Working 
electrode 410 may be, but is not necessarily, in contact with 
interior surface 404. Working electrode 410 has a plurality of 
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regions 420, each having an inner region 418 defined by 
boundaries 416 (in an alternate embodiment well 400 has 
only one region 420). Boundary 416 may be comprised of a 
material deposited on working electrode 410 or may be com 
prised of the same material as working electrode 410. Bound 
ary 416 may be a region in which material has been removed 
from working electrode 410. Boundary 416 may also com 
prise regions of working electrode 410 with different physi 
cal, chemical or compositional properties. For example, 
boundary 416 may, relative to interior regions 416, be hydro 
philic or hydrophobic, have high or low Surface area, have a 
different height and/or have a high or low conductivity. Pref 
erably, boundary 416 is composed of non-conducting or 
dielectric materials deposited on the Surface of working elec 
trode 410. Boundary 416 may be coplanar with working 
electrode 410 and may extend out from or into the surface of 
working electrode 410. Inner regions 418 may comprise 
assay domains as described above. In preferred embodi 
ments, boundary 416 confines materials (e.g. liquids, assay 
reagents, and the like) on working electrode 410. Boundaries 
416 may be used to aid in or direct the deposition of materials 
to regions 420, for example, by preventing spreading of liq 
uids deposited in inner regions 418 to Surrounding regions of 
working electrode 410 or to counter electrodes 406A and 
406B (e.g., so as to allow the controlled immobilization of 
reagents onto defined assay domains on working electrode 
410). In one embodiment, the meniscus of fluids or other 
materials confined within boundary 416 may act as a lens. 
Boundary 416 may also serve as an indicia during measure 
ments using the apparatus of the present invention, e.g., to 
allow the location or identification of an assay domain. FIG. 
4B illustrates well 430, another embodiment of well 158. 
Well 430 comprises wall 431 having an interior surface 432, 
counter electrodes 434A and 434B and working electrode 
444. Well 430 may, optionally, comprise a reference electrode 
(not shown). The exposed region of working electrode 444 is 
defined by boundary 440 having an inner perimeter and an 
outer perimeter (alternatively, a plurality of holes in boundary 
440 may define a plurality of exposed regions of working 
electrode 444). Boundary 440 may abut counter electrodes 
434A and 434B and may abut interior surface 432. Alterna 
tively, boundary 440 may extend below counter electrodes 
434A and 434B or, alternatively, at least partially above 
counter electrodes 434A and 434B. In some embodiments, 
boundary 440 extends beneath counter electrodes 434A and 
434B and electrically isolates them from working electrode 
444. Boundary 440 may be comprised of a material deposited 
on working electrode 444 and may or may not be comprised 
on the same material as working electrode 444. Boundary 440 
may be a region in which material has been removed from 
working electrode 444. Boundary 440 may also comprise a 
region of working electrode 444 with different physical, 
chemical or compositional properties. Preferably, boundary 
440 is composed of a dielectric material deposited on the 
surface of working electrode 444. Boundary 440 may be 
coplanar with working electrode 444 and may extend out 
from or into the surface of working electrode 444. Working 
electrode 444 may have assay domains as described above. In 
preferred embodiments, boundary 440 confines materials 
(e.g. liquids, assay reagents, and the like) on working elec 
trode 444 (e.g., so as to allow the controlled immobilization of 
reagents onto working electrode 444). Boundary 440 may be 
used to aid in or direct the deposition of materials to working 
electrode 444, for example, by preventing spreading of liq 
uids to Surrounding regions of working electrode 444 or to 
counter electrodes 434A and 434B. Boundary 440 may also 
serve as indicia during measurements using the apparatus of 
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the present invention. In a preferred embodiment: working 
electrode 444 is a conducting material, either self supporting 
or Supported on another material; boundary 440 is a non 
conducting material deposited on working electrode 444 that 
covers working electrode 444 except in regions defined by the 
inner perimeter of boundary 440; counter electrodes 434A 
and 434B are deposited on boundary 440 and are electrically 
isolated from working electrode 444 by boundary 440; and 
wall 431 with interior surface 432 serves to define the outer 
boundaries of counter electrodes 434A and 434B and define 
the interior walls of well 430. In another embodiment, bound 
ary 440 does not extend beneath counter electrodes 434A and 
434B. 

FIG. 4C illustrates well 460, another embodiment of well 
158. Well 460 comprises wall 461 having an interior surface 
462, counter electrodes 464A and 464B and working elec 
trode 474. Well 460 may, optionally, comprise a reference 
electrode (not shown). The exposed region of working elec 
trode 474 is defined by boundary 470. Boundary 470 may 
abut counter electrodes 464A and 464B and may abut interior 
surface 462. Alternatively, boundary 470 may extend under or 
over counter electrodes 464A and 464B. In some embodi 
ments, boundary 470 extends beneath counter electrodes 
464A and 464B and electrically isolates them from working 
electrode 474. Boundary 470 may be comprised of a material 
deposited on working electrode 474 and may or may not be 
comprised of the same material as working electrode 474. 
Boundary 470 may be a region in which material has been 
removed from working electrode 474. Boundary 470 may 
also comprise a region of working electrode 474 with differ 
ent physical, chemical or compositional properties. Prefer 
ably, boundary 470 is composed of a dielectric material 
deposited on the surface of working electrode 474. Boundary 
470 may be coplanar with working electrode 474 and may 
extend out from or into the surface of working electrode 474. 
Working electrode 474 may have assay domains as described 
above. In preferred embodiments, boundary 470 confines 
materials (e.g. liquids, assay reagents, and the like) on work 
ing electrode 474. Boundary 470 may also be used to aid in or 
direct the deposition of materials to working electrode 474, 
for example, by preventing spreading of liquids to Surround 
ing regions of working electrode 470 or to counter electrodes 
464A and 464B. Boundary 470 may also serve as indicia 
during measurements using the apparatus of the present 
invention. In a preferred embodiment: working electrode 474 
is a conducting material, either self supporting or Supported 
on another material; boundary 470 is a non-conducting mate 
rial deposited on working electrode 474 that covers working 
electrode 474; counter electrodes 464A and 464B are depos 
ited on boundary 470 and are electrically isolated from work 
ing electrode 474 by boundary 470; and wall 461 with interior 
surface 462 serves to define the outer boundaries of counter 
electrodes 464A and 464B and define the interior walls of 
well 460. In another embodiment, boundary 470 is deposited 
on working electrode 474 so that it does not extend over or 
under counter electrodes 464A and 464B. Well 460 has work 
ing electrode 474 with assay domains 476, as described above 
for wells 300, 330 and 360. In another embodiment, assay 
domains 476 on working electrode 474 are defined by addi 
tional boundaries as described above for well 400. 

FIG. 4D illustrates well 480, another embodiment of well 
158. Well 480 comprises wall 482 with interior surface 484, 
counter electrodes 488A and 488B, boundary 492 and work 
ing electrode 494. Well 480 may, optionally, comprise a ref 
erence electrode (not shown). Regions 499A and 499B of 
working electrode 494 are defined by boundaries 498A and 
498B. Boundaries 498A and 498B may be comprised of a 
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material deposited on working electrode 494 or may be com 
prised on the same material as working electrode 494. Bound 
aries 498A and 498B may be regions in which material has 
been removed from working electrode 494. Boundaries 498A 
and 498B may also comprise regions of working electrode 
494 with different physical, chemical or compositional prop 
erties. For example, boundaries 498A and 498B may be 
hydrophilic or hydrophobic, have high or low surface area, 
and/or an area of high or low conductivity. Preferably, bound 
aries 498A and 498B are composed of non-conducting or 
dielectric materials deposited on the Surface of working elec 
trode 494 and may provide a physical boundary. Boundaries 
498A and 498B may be coplanar with working electrode 494 
and may extend out from or into the Surface of working 
electrode 494. Exposed working electrode regions 499A and 
499B may comprise assay domains as described above. In 
preferred embodiments, boundaries 498A and 498B confine 
materials (e.g. liquids, assay reagents, and the like) on work 
ing electrode 494. Boundaries 498A and 498B may also be 
used to aid in or direct the deposition of materials to interior 
regions 499A and 499B, for example, by preventing spread 
ing of liquids deposited to Surrounding regions of working 
electrode 494 or to counter electrodes 488A and 488B. 
Boundaries 498A and 498B may also serve as an indicia 
during measurements using the apparatus of the present 
invention. 

FIG.4E illustrates well 4900, another embodiment of well 
158. Well 4900 comprises wall 4902 with interior surface 
4903, counter electrodes 4904A and 4904B, gaps 4906A and 
4906B (the gaps preferably being dielectric surfaces separat 
ing working electrode 4910 from counter electrodes 4904A 
and 4904B) and barrier 4908 with a plurality of holes 4912 
that expose working electrode 4910. Well 4900 may, option 
ally, comprise a reference electrode (not shown). In a pre 
ferred embodiment, boundary 4908 may be a dielectric mate 
rial that provides a boundary that can confine Small Volumes 
of fluid to the exposed regions of the electrode (e.g., so as to 
allow the controlled immobilization of reagents onto defined 
assay domains on working electrode 4910). Working elec 
trode 4910 may have assay reagents immobilized on its sur 
face in regions where plurality of holes 4912 in boundary 
4908 expose working electrode 4910. Boundary 4908 may 
also be used to aid in or direct the deposition of materials to 
working electrode 4910 where holes 4912 expose working 
electrode 4910. 

5.1.2 Electrodes 

One aspect of the invention relates to improved electrode 
compositions and Surfaces and assay modules comprising 
these electrode compositions and Surfaces. Electrodes in the 
present invention are preferably comprised of a conductive 
material. The electrode may comprise a metal Such as gold, 
silver, platinum, nickel, Steel, iridium, copper, aluminum, a 
conductive alloy, or the like. They may also comprise oxide 
coated metals (e.g. aluminum oxide coated aluminum). 
According to one embodiment, the working and counter elec 
trodes are not the same material (e.g. metal counter electrode 
and carbon working electrode). Preferably, electrodes are 
comprised of carbon-based materials such as carbon, carbon 
black, graphitic carbon, carbon nanotubes, carbon fibrils, 
graphite, carbon fibers and mixtures thereof. Preferably, the 
electrodes comprise elemental carbon (e.g., graphitic, carbon 
black, carbon nanotubes, etc.). Advantageously, they may be 
comprised of conducting carbon-polymer composites, con 
ducting particles dispersed in a matrix (e.g. carbon inks, 
carbon pastes, metal inks), and/or conducting polymers. One 
preferred embodiment of the invention is an assay module, 
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preferably a multi-well plate, having electrodes (e.g., work 
ing and/or counter electrodes) that comprise carbon, prefer 
ably carbon layers, more preferably screen-printed layers of 
carbon inks. Some useful carbon inks include materials pro 
duced by Acheson Colloids Co. (e.g., Acheson 440B, 423ss, 
PF407A, PF407C, PM-003A, 30D071, 435A, Electrodag 
505SS, and AquadagTM), E. I. Du Pont de Nemours and Co. 
(e.g., Dupont 7105, 7101,7102, 7103, 7144, 7082, 7861D, 
and CB050), Conductive Compounds Inc (e.g., C-100), and 
Ercon Inc. (e.g., G-451). 

Electrodes may also be comprised of semiconducting 
materials (e.g. silicon, germanium) or semi-conducting films 
such as indium tin oxide (ITO), antimony tin oxide (ATO) and 
the like. Electrodes may also be comprised of mixtures of 
materials containing conducting composites, inks, pastes, 
polymer blends, metal/non-metal composites and the like. 
Such mixtures may include conductive or semi-conductive 
materials mixed with non-conductive materials. Preferably, 
electrode materials are substantially free of silicone-based 
materials. Electrodes may be formed into patterns by a mold 
ing process (i.e., during fabrication of the electrodes), by 
patterned deposition, by patterned printing, by selective etch 
ing, through a cutting process Such as die cutting or laser 
drilling, and/or by techniques known in the art of electronics 
microfabrication (e.g., chemical etching, photopatterning of a 
resist material, microlithographic techniques, etc.). 
The terms “carbon fibrils”, “carbon nanotubes, single 

wall nanotubes (SWNT), multiwall nanotubes (MWNT), 
“graphitic nanotubes”, “graphitic fibrils”, “carbon tubules”. 
“fibrils” and “buckey tubes, all of which terms may be used 
to describe a broad class of carbon materials (see Dressel 
haus, M. S.; Dresselhaus, G.; Eklund, P. C. “Science of 
Fullerenes and Carbon Nanotubes, Academic Press, San 
Diego, Calif., 1996, and references cited therein). The terms 
“fibrils” and “carbon fibrils are used throughout this appli 
cation to include this broad class of carbon-based materials. 

Individual carbon fibrils as disclosed in U.S. Pat. Nos. 
4,663.230; 5,165,909; and 5,171,560 are particularly advan 
tageous. They may have diameters that range from about 3.5 
nm to 70 nm, and length greater than 10 times the diameter, 
an outer region of multiple, essentially continuous, layers of 
ordered carbonatoms and a distinct inner core region. Simply 
for illustrative purposes, a typical diameter for a carbon fibril 
may be approximately between about 7 and 25 nm, and a 
typical range of lengths may be 1000 nm to 10,000 nm. 
Carbon fibrils may also have a single layer of carbon atoms 
and diameters in the range of 1 nm-2 nm. 

Carbon materials can be made to form aggregates. For 
example, as disclosed in U.S. Pat. No. 5,110,693, and refer 
ences cited therein, two or more individual carbon fibrils may 
form microscopic aggregates of entangled fibrils. These 
aggregates can have dimensions ranging from 5 nm to several 
cm. Simply for illustrative purposes, one type of microscopic 
aggregate ("cotton candy or CC) resembles a spindle or rod 
of entangled fibers with a diameter that may range from 5 nm 
to 20,000 nm with a length that may range from 100 nm to 1 
mm. Again for illustrative purposes, another type of micro 
scopic aggregate of fibrils (“birds nest, or BN) can be 
roughly spherical with a diameter that may range from 0.1 um 
to 1000 um. Larger aggregates of each type (CC and/or BN) 
or mixtures of each can be formed (vide infra). 

Fibrils that can be used in the present invention include but 
are not limited to individual fibrils, aggregates of one or more 
fibrils, suspensions of one or more fibrils, dispersions of 
fibrils, mixtures of fibrils with other materials (e.g., oils, 
paraffins, waxes, polymers, gels, plastics, adhesives, epoxies, 
teflon, metals, organic liquids, organic Solids, inorganic Sol 
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ids, acids, bases, ceramics, glasses, rubbers, elastomers, bio 
logical molecules and media, etc.) as well as combinations 
thereof. One preferred embodiment of the invention relates to 
a multi-well plate comprising a substrate comprising a carbon 
nanotube-containing composite, wherein the Surface of the 
substrate is etched to expose the carbon nanotubes, thereby 
forming one or more working electrodes. 

Electrodes may be self Supporting or may be supported on 
another material, e.g. on films, plastic sheets, adhesive films, 
paper, backings, meshes, felts, fibrous materials, gels, Solids 
(e.g. metals, ceramics, glasses), elastomers, liquids, tapes, 
adhesives, other electrodes, dielectric materials and the like. 
The support may be rigid or flexible, flat or deformed, trans 
parent, translucent, opaque or reflective. Preferably, the Sup 
port comprises a flat sheet of plastic Such as acetate, polycar 
bonate, polypropylene, polyester (e.g., Mylar), polyimide 
(e.g., Kapton), or polystyrene. According to one embodiment, 
the material comprises polystyrene blended with High Impact 
Polystyrene (HIPS) to reduce the brittleness of the material. 
Preferably, between 4 and 16 wt % HIPS is blended with the 
polystyrene, more preferably between about 8 and 12 wt %. 
Electrode materials may be applied to a Support by a variety 
of coating and deposition processes known in the art Such as 
painting, spray-coating, Screen-printing, ink-jet printing, 
laser printing, spin-coating, evaporative coating, chemical 
vapor deposition, laminating, etc. Supported electrodes may 
be patterned using photolithographic techniques (e.g., estab 
lished techniques in the microfabrication of electronics), by 
selective etching, and/or by selective deposition (e.g., by 
evaporative or CVD processes carried out through a mask). In 
a preferred embodiment, electrodes are comprised of 
extruded films of conducting carbon/polymer composites. In 
another preferred embodiment, electrodes are comprised of a 
screen printed conducting ink deposited on a Substrate. Yet 
another embodiment involves the combination of a counter 
electrode comprising a chemically etched metal (e.g., Steel) 
or die-cut aluminized film and a screen-printed working elec 
trode. 

Electrodes may be supported by another conducting mate 
rial. Advantageously, conducting carbon electrodes may be in 
contact with conducting metal pastes. Preferably, electrodes 
are (or are capable of being) derivatized or modified, for 
example, to immobilize assay reagents such as binding 
reagents on electrodes. One may attach, e.g., antibodies, frag 
ments of antibodies, proteins, enzymes, enzyme substrates, 
inhibitors, cofactors, antigens, haptens, lipoproteins, liposac 
charides, bacteria, cells, Sub-cellular components, cell recep 
tors, viruses, nucleic acids, antigens, lipids, glycoproteins, 
carbohydrates, peptides, amino acids, hormones, protein 
binding ligands, pharmacological agents, and/or combina 
tions thereof. It may also be desirable to attach non-biological 
entities such as, but not limited to polymers, elastomers, gels, 
coatings, ECL tags, redox active species (e.g., tripropy 
lamine, oxalates), inorganic materials, chemical functional 
groups, chelating agents, linkers etc. Reagents may be immo 
bilized on the electrodes by a variety of methods including 
passive adsorption, specific binding and/or through the for 
mation of covalent bonds to functional groups present on the 
surface of the electrode. 

Electrodes may be modified by chemical or mechanical 
treatment to improve the immobilization of reagents. The 
Surface may be treated to introduce functional groups for 
immobilization of reagents or to enhance its adsorptive prop 
erties. Surface treatment may also be used to influence prop 
erties of the electrode Surface, e.g., the spreading of water on 
the surface or the kinetics of electrochemical processes at the 
surface of the electrode. Techniques that may be used include 
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exposure to electromagnetic radiation, ionizing radiation, 
plasmas or chemical reagents such as oxidizing agents, elec 
trophiles, nucleophiles, reducing agents, strong acids, strong 
bases and/or combinations thereof. Treatments that etch one 
or more components of the electrodes may be particularly 
beneficial by increasing the roughness and therefore the Sur 
face area of the electrodes. In the case of composite electrodes 
having conductive particles or fibers (e.g., carbon particles or 
fibrils) in a polymeric matrix or binder, selective etching of 
the polymer may be used to expose the conductive particles or 
fibers. 
One particularly useful embodiment is the modification of 

the electrode, and more broadly a material incorporated into 
the present invention by treatment with a plasma, specifically 
a low temperature plasma, also termed glow-discharge. The 
treatment is carried out in order to alter the surface character 
istics of the electrode, which come in contact with the plasma 
during treatment. Plasma treatment may change, for example, 
the physical properties, chemical composition, or surface 
chemical properties of the electrode. These changes may, for 
example, aid in the immobilization of reagents, reduce con 
taminants, improve adhesion to other materials, alter the wet 
tability of the surface, facilitate deposition of materials, create 
patterns, and/or improve uniformity. Examples of useful plas 
mas include oxygen, nitrogen, argon, ammonia, hydrogen, 
fluorocarbons, water and combinations thereof. Oxygen plas 
mas are especially preferred for exposing carbon particles in 
carbon-polymer composite materials. Oxygen plasmas may 
also be used to introduce carboxylic acids or other oxidized 
carbon functionality into carbon or organic materials (these 
may be activated, e.g., as active esters or acyl chlorides) so as 
to allow for the coupling of reagents. Similarly, ammonia 
containing plasmas may be used to introduce amino groups 
for use in coupling to assay reagents. 

Treatment of electrode Surfaces may be advantageous so as 
to improve or facilitate reagent immobilization, change the 
wetting properties of the electrode, increase Surface area, 
increase the binding capacity for the immobilization of 
reagents or the binding of analytes, and/or alter the kinetics of 
electrochemical reactions at the electrode. In some applica 
tions, however, it may be preferable to use untreated elec 
trodes. For example, we have found that it is advantageous to 
etch carbon ink electrodes prior to adsorbing binding reagents 
(e.g., avidin, Streptavidin orantibodies) when the application 
calls for a large dynamic range and therefore a high binding 
capacity per area of electrode. We have discovered that oxi 
dative etching (e.g., by oxygen plasma) has additional advan 
tages in that the potential for oxidation of tripropyl amine 
(TPA) and the contact angle for water are both reduced rela 
tive to the unetched ink. The low contact angle for water 
allows reagents to be adsorbed on the electrode by application 
of the reagents in a small Volume of aqueous buffer and 
allowing the small volume to spread evenly over the electrode 
Surface. Surprisingly, we have found that excellent assays 
may also be carried out on unetched carbon ink electrodes 
despite the presence of polymeric binders in the ink. In fact, in 
Some applications requiring high sensitivity or low-non spe 
cific binding it is preferred to use unetched carbon ink elec 
trodes so as to minimize the Surface area of exposed carbon 
and therefore minimize background signals and loss of 
reagents from non-specific binding of reagents to the exposed 
carbon. Depending on the ink used and the process used to 
apply the ink, the electrode surface may not be easily wettable 
by aqueous solutions. We have found that we can compensate 
for the low wettability of the electrodes during the adsorption 
of reagents by adding low concentrations of non-ionic deter 
gents to the reagent Solutions so as to facilitate the spreading 
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of the solutions over the electrode surface. Even spreading is 
especially important during the localized immobilization of a 
reagent from a small Volume of solution. For example, we 
have found that the addition of 0.005-0.04% Triton X-100R) 
allows for the spreading of protein solutions over unetched 
carbon ink surfaces without affecting the adsorption of the 
protein to the electrode and without disrupting the ability of a 
dielectric film applied on or adjacent to the electrode (pref 
erably, a printed dielectric film with a thickness of 0.5-100 
micrometers, or more preferably 2-30 micrometers, or most 
preferably 8-12 micrometers and having a sharply defined 
edge) to confine fluids to the electrode surface. Preferably, 
when non-ionic detergents such as Triton X-100 are used to 
facilitate spreading of capture reagents onto unetched screen 
printed electrodes (i.e., so as to allow the immobilization of 
the capture reagents), the Solutions containing the capture 
reagents are allowed to dry onto the electrode Surface. It has 
been found that this drying step greatly improves the effi 
ciency and reproducibility of the immobilization process. 

Electrodes can be derivatized with chemical functional 
groups that can be used to attach other materials to them. 
Materials may be attached covalently to these functional 
groups, or they may be adsorbed non-covalently to deriva 
tized or underivatized electrodes. 

Electrodes may be prepared with chemical functional 
groups attached covalently to their Surface. These chemical 
functional groups include but are not limited to COOH, OH, 
NH, activated carboxyls (e.g., N-hydroxy succinimide 
(NHS)-esters), poly-(ethylene glycols), thiols, alkyl ((CH)) 
groups, and/or combinations thereof). Certain chemical func 
tional groups (e.g., COOH, OH, NH, SH, activated car 
boxyls) may be used to couple reagents to electrodes. For 
further reference to useful immobilization and bioconjuga 
tion techniques see G. Hermanson, A. Mallia and P. Smith, 
Immobilized Affinity Ligand Techniques (Academic Press, 
San Diego, 1992) and G. Hermanson, Bioconjugate Tech 
niques (Academic Press, San Diego, 1996). 

In preferred embodiments, NHS-ester groups are used to 
attach other molecules or materials bearing a nucleophilic 
chemical functional group (e.g., an amine). In a preferred 
embodiment, the nucleophilic chemical functional group is 
present on and/or in a biomolecule, either naturally and/or by 
chemical derivatization. Examples of suitable biomolecules 
include, but are not limited to, amino acids, proteins and 
functional fragments thereof, antibodies, binding fragments 
of antibodies, enzymes, nucleic acids, and combinations 
thereof. This is one of many such possible techniques and is 
generally applicable to the examples given here and many 
other analogous materials and/or biomolecules. In a preferred 
embodiment, reagents that may be used for ECL may be 
attached to the electrode via NHS-ester groups. 
A reagent that can be used in an ECL assay can be attached 

to electrodes by covalent bonds (e.g., reaction with an NHS 
ester), by reaction with an appropriate linker (vide Supra), by 
non-specific binding, and/or by a combination thereof. 

It may be desirable to control the extent of non-specific 
binding of materials to electrodes. Simply by way of non 
limiting examples, it may be desirable to reduce or prevent the 
non-specific adsorption of proteins, antibodies, fragments of 
antibodies, cells, Subcellular particles, viruses, serum and/or 
one or more of its components, ECL labels (e.g., Ru'(bpy) 
and Ru'(bpy), derivatives), oxalates, trialkylamines, anti 
gens, analytes, and/or combinations thereof). In another 
example, it may be desirable to enhance the binding of bio 
molecules. 
One or more chemical moieties that reduce or prevent 

non-specific binding (also known as blocking groups) may be 
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present in, on, or in proximity to an electrode. Such moieties, 
e.g., PEG moieties and/or charged residues (e.g., phosphates, 
ammonium ions), may be attached to or coated on the elec 
trode. Examples of useful blocking reagents include proteins 
(e.g., serum albumins and immunoglobins), nucleic acids, 
polyethylene oxides, polypropylene oxides, block copoly 
mers of polyethylene oxide and polypropylene oxide, poly 
ethylene imines and detergents or Surfactants (e.g., classes of 
non-ionic detergents/surfactants known by the trade names of 
Brij, Triton, Tween, Thesit, Lubrol, Genapol, Pluronic, 
Tetronic, and Span). 

Materials used in electrodes may be treated with surfac 
tants to reduce non-specific binding. For example, electrodes 
may be treated with surfactants and/or detergents that are well 
known to one of ordinary skill in the art (for example, the 
Tween series, Triton, Span, Brij). Solutions of PEGs and/or 
molecules which behave in similar fashion to PEG (e.g., 
oligo- or polysaccharides, other hydrophilic oligomers or 
polymers) (“Polyethylene glycol chemistry: Biotechnical 
and Biomedical Applications”, Harris, J. M. Editor, 1992, 
Plenum Press) may be used instead of and/or in conjunction 
with Surfactants and/or detergents. Undesirable non-specific 
adsorption of certain entities such as those listed above may 
be blocked by competitive non-specific adsorption of a block 
ing agent, e.g., by a protein Such as bovine serum albumin 
(BSA) or immunoglobulin G (IgG). One may adsorb or 
covalently attach an assay reagent on an electrode and Sub 
sequently treat the electrode with a blocking agent so as to 
block remaining unoccupied sites on the Surface. 

In preferred embodiments, it may be desirable to immobi 
lize (by either covalent or non-covalent means) biomolecules 
or other media to carbon-containing materials, e.g., carbon 
black, fibrils, and/or carbon dispersed in another material. 
One may attach antibodies, fragments of antibodies, proteins, 
enzymes, enzyme Substrates, inhibitors, cofactors, antigens, 
haptens, lipoproteins, liposaccharides, cells, Sub-cellular 
components (e.g., organelles or membrane fragments), cell 
receptors, viruses, nucleic acids, antigens, lipids, glycopro 
teins, carbohydrates, peptides, amino acids, hormones, pro 
tein-binding ligands, pharmacological agents, and/or combi 
nations thereof. It may also be desirable to attach non 
biological entities such as, but not limited to polymers, 
elastomers, gels, coatings, ECL tags, redox active species 
(e.g., tripropylamine, oxalates), inorganic materials, chelat 
ing agents, linkers etc. A plurality of species may be co 
adsorbed to form a mixed layer on the surface of an electrode. 

Electrodes used in the multi-well assay plates of the inven 
tion are typically non-porous, however, in Some applications 
it is advantageous to use porous electrodes (e.g., mats of 
carbon fibers or fibrils, sintered metals, and metals films 
deposited on filtration membranes, papers or other porous 
Substrates. These applications include those that employ fil 
tration of solutions through the electrode so as to: i) increase 
mass transport to the electrode Surface (e.g., to increase the 
kinetics of binding of molecules in solution to molecules on 
the electrode surface); ii) capture particles on the electrode 
surface; and/or iii) remove liquid from the well. 

Electrodes used in assay modules of the invention are 
advantageously able to induce luminescence from lumines 
cent species. It is preferable that electrodes are comprised of 
materials that are compatible with biological media, imper 
vious to the reagents typically encountered in luminescence 
measurements, and robust. 
A working electrode may have one or more of the proper 

ties described above generally for electrodes. Preferably 
materials for working electrodes are materials able to induce 
electrochemiluminescence from Ruthenium-tris-bipyridine 
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in the presence of tertiary alkyl amines (such as tripropyl 
amine). Examples of Such preferred materials include plati 
num, gold, ITO. carbon, carbon-polymer composites, and 
conductive polymers. In one embodiment, the working elec 
trode is made of a continuous conducting sheet or a film of 
one or more conducting materials. This sheet or film may be 
extruded, pressed or molded, and can be self supporting. In a 
preferred embodiment, the working electrode is made of a 
carbon-polymer composite. The composite may be com 
prised of conducting carbon particles (e.g., carbon fibrils, 
carbon black, graphitic carbon) dispersed in a matrix (e.g., a 
polymer such as EVA, polystyrene, polyethylene, ABS). The 
working electrode may additionally comprise other conduct 
ing materials, for example, a conducting metal ink may be 
printed on the conducting composite. 

In another embodiment, the working electrode is made of a 
conducting material deposited and/or patterned on a substrate 
(e.g., by printing, painting, coating, spin-coating, evapora 
tion, chemical vapor deposition, electrolytic deposition, elec 
troless deposition, photolithography and other electronics 
microfabrication techniques, etc.). In a preferred embodi 
ment, the working electrode comprises a conductive carbon 
ink printed on a polymeric Support (e.g., by ink-jet printing, 
laser printing, or, most preferably, by screen-printing). The 
working electrode may be a continuous film, it may be one or 
more discrete regions (e.g., patterns), or it may be a plurality 
of connected regions. The working electrode may addition 
ally comprise other conducting materials, for example, a car 
bon ink overlayer may be deposited over a conducting metal 
ink (e.g., a silverink) underlayer, the underlayer being used to 
increase the conductivity of the film. It may be beneficial to 
print or deposit the overlayer in multiple layers so as to ensure 
that the underlayer is completely covered so that the under 
layer doesn't interfere with Subsequent processing steps or 
with ECL measurements (e.g., a preferred electrode material 
comprises two layers, preferably three layers, of carbon ink 
over a layer of silver ink, the layers most preferably being 
deposited by screen printing). Alternatively, one or two layers 
of carbon may be used. For electrodes comprising one or 
more printed carbon ink layers over a printed silver ink layer, 
the silver layer has a thickness of preferably, 2.5 microns to 
25 microns, more preferably, 4-7 microns (or, alternatively, a 
thickness that produces a resistance of preferably less than 2 
ohms/square or, more preferably, 0.05-0.2 ohms/square) and 
the combined carbon layers have a thickness of preferably, 
2.5-75 microns or, more preferably, 6-25 microns (or, alter 
natively, a thickness that produces a resistance of preferably 
less than 100 ohms/square or, more preferably, less than 30 
ohms/square or, most preferably 20-30 ohms/square). 
A counter electrode may have one or more of the properties 

described above generally for electrodes and for working 
electrodes. In one embodiment, the counter electrode is made 
of a continuous conducting sheet or a film of one or more 
conducting materials. This sheet or film may be extruded, 
pressed or molded, and can be self Supporting. In a preferred 
embodiment, the counter electrode is made of a carbon-poly 
mercomposite. The composite may be comprised of conduct 
ing carbon particles (e.g., carbon fibrils, carbon black, gra 
phitic carbon) dispersed in a matrix (e.g., a polymer Such as 
EVA, polystyrene, polyethylene, ABS). The counter elec 
trode may additionally comprise other conducting materials, 
for example, a conducting metal ink may be printed on the 
conducting composite. 

In another embodiment, the counter electrode comprises a 
metal coating, film or foil. One preferred embodiment of the 
invention is a multi-well plate having wells containing (pref 
erably in two or more wells of the plate) working electrodes 
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that comprise carbon (preferably carbon ink or carbon par 
ticles, e.g., carbon nanotubes, dispersed in a matrix) and 
counter electrodes comprising a metal coating, film or sheet 
or foil (preferably, comprising aluminum, stainless steel, 
nickel or silver). A foil counterelectrode may be self-support 
ing or may be Supported on another material. It may also 
additionally comprise an adhesive material, a non-conducting 
layer and/or a backing material. The foil may have holes, 
advantageously in a pattern that corresponds to the pattern of 
wells in industry standard multi-well assay plates. Holes may 
be punched, drilled, burned, laser drilled, machined, etched or 
otherwise introduced by removing material from a continu 
ous film, or, the film many be generated (e.g., molded) to 
incorporate holes. In a preferred embodiment, the counter 
electrode is formed from a plastic sheet or support that is 
coated on one side with an aluminum film or foil and coated 
on the opposite side with an adhesive layer, preferably, having 
a removable backing strip. 

In another embodiment, the counter electrode is made of a 
conducting material deposited and/or patterned on a substrate 
(as described above for the working electrode). In a preferred 
embodiment, the counter electrode comprises a conducting 
carbon ink printed on a polymeric Support. The counter elec 
trode may be a continuous film, it may be one or more discrete 
regions (e.g., patterns), or it may be a plurality of connected 
regions. The counter electrode may additionally comprise 
other conducting materials, for example, a conducting metal 
ink (e.g., a silver ink) may be printed on the Substrate and may 
be in contact with the conducting ink of the counter electrode. 
An unexpected feature of the instrumentation of the inven 

tion is its ability to conduct precise, accurate and reproducible 
electrode induced luminescent assays, particularly electro 
chemiluminescent assays, without the use of an independent 
reference electrode and potentiostat (i.e., without using a 
three electrode configuration: working, counter and refer 
ence). In a two electrode system (working and counter elec 
trode) any potential applied across the working and counter 
electrodes is distributed, at least in part, over the two elec 
trode/solution interfaces. The undefined nature of the poten 
tial at the surface of the counter electrode leads directly to 
uncertainty in the potential at the working electrode. This 
problem may be solved by using a counter electrode with a 
stable interfacial potential that is defined by a redox couple in 
solution or, preferably, by a redox couple confined to the 
surface of the electrode (such a counter electrode is some 
times termed a “counter/reference electrode). Some 
examples of useful “counter/reference electrode' materials 
include metal/metal halide couples such as silver/silver chlo 
ride; metal/metal oxide couples such as silver/silver oxide, 
nickel/nickel oxide and Zinc? zinc oxide; and metal oxides 
with allowing for multiple metal oxidation states Such as 
manganese oxide. For optimal performance, these “counter/ 
reference electrodes' should have a sufficiently high concen 
tration of accessible redox species so as to prevent polariza 
tion of the electrode during the course of an ECL 
measurement. 

Surprisingly, we have observed excellent performance and 
precision (e.g., coefficients of variation of <10%, more pref 
erably <5%, even more preferably 2% and most preferably 
<1%) in ECL measurements using two electrode configura 
tions and counter electrodes that are not typically considered 
useful “counter/reference electrodes', for example: alumi 
num (presumably with a native oxide layer) and various forms 
of carbon (including composites containing carbon black, 
graphite and/or carbon fibrils). Without being bound by 
theory, we believe this unanticipated performance has been 
achieved by i) maintaining a consistent and reproducible pro 
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cess for the manufacture of ECL multi-well assay plates; ii) 
maintaining a relatively consistent chemical environment 
during induction of ECL and/or iii) selection of appropriate 
Voltage or current waveforms. In general, under the high 
current conditions typically used to generate ECL, the inter 
facial potential at the counter electrode is determined by the 
reduction potential for water at that electrode; as long as the 
electrode surface and chemical environment remain rela 
tively consistent the interfacial potential can be highly repro 
ducible. The voltage/current waveforms used to induce ECL, 
preferably, involve the i) application of voltage or current 
sufficient to induce ECL and ii) the maintenance of ECL until 
the ECL intensity decays (presumably due to consumption of 
ECL coreactant or destruction of assay components on the 
electrode surface). Under these conditions, a plot of ECL vs. 
time has the form of a peak. Such waveforms are tolerant of 
Some inconsistency in working electrode and counter elec 
trode potential, Solution resistance and the like; these varia 
tions tend to shift the start and end of the ECL peak but have 
a much smaller effect on the total integrated light signal under 
the peak. An especially preferred Voltage/current waveform is 
a Voltage ramp beginning at a Voltage less than that required 
to induce ECL and ending at a potential high enough to allow 
decay of the ECL signal to under 10% of the peak intensity. 

Surprisingly, we have also found that we can attain excel 
lent performance and precision (e.g., coefficients of variation 
of ~10%, more preferably <5%, even more preferably 2% and 
most preferably <1%) in ECL measurements using two elec 
trode systems despite using counter electrodes having 
exposed geometric Surface areas that are equal or less than the 
exposed geometric Surface area of the working electrode. 
Such excellent performance is attained even when using the 
unconventional counter electrode materials described above. 
By contrast, in standard electrochemical assays it is consid 
ered highly advantageous to have larger counter electrodes 
than working electrodes to ensure that the current is not 
limited by chemical or mass transport processes at the counter 
electrode. Reducing the surface area of the counter electrode 
gives certain advantages in the design of multi-well assay 
plates for ECL assays; by reducing the counter electrode area 
it is possible to increase the area of the active working elec 
trode and thereby the kinetics of reactions occurring at the 
Surface of the electrode, the binding capacity of assays using 
binding reagents immobilized on the working electrode and/ 
or the number of assay domains that may be patterned on a 
given working electrode. In preferred embodiments of the 
multi-well plates of the invention, the ratio of the geometric 
Surface areas of the working and counter electrodes is greater 
than 1, greater than 2, greater than 5, greater than 10, greater 
than 50 or, most preferably, greater than 100. 

While in many applications it is advantageous to have an 
electrode Surface area that occupies a large fraction of an 
assay region (for reasons described above), in other applica 
tions it may be advantageous to have Small exposed working 
electrode surfaces (preferably less than 4 mm, more prefer 
ably less than 1 mm, even more preferably less than 0.1 mm 
and most preferably less than 0.01 mm). For example, small 
working electrode surfaces may in Some cases lead to higher 
sensitivity and lower non-specific signals. For example, in a 
binding assay conducted using a binding reagent immobi 
lized on the working electrode, the signal from a labeled 
binding partner of the binding reagent should be roughly 
independent of the area of the electrode (assuming the bind 
ing capacity of the electrode is sufficient to bind all the labeled 
binding partner and the binding reaction is allowed to proceed 
to completion). Non-specific signals, e.g., due to non-specific 
binding, should be roughly linearly dependent on electrode 



US 7,842,246 B2 
35 

area. Under Such conditions, reducing electrode area may 
lead to an improvement in the ratio of specific to non-specific 
signal. According to one embodiment of multi-well assay 
plates of the invention, the well bottoms comprise working 
electrodes and the ratio of working electrode surface to the 
surface area of the bottom of the well (or, alternatively, to 
dielectric surfaces on the bottom of the well) is less than 1 to 
5, preferably 1 to 10, more preferably 1 to 30. 

Despite the excellent performance we have observed with 
two electrode systems, some specialized applications may 
require multi-well assay plates having independent reference 
electrodes so as to allow control of the working electrode 
potentials with a potentiostat. Reference electrodes may be 
made using the materials and methods described above for 
working and counter electrodes. Preferably the reference 
electrode has a stable interfacial potential that is defined by a 
redox couple confined to the surface of the electrode: 
examples of materials having this property include metal/ 
metal halide couples such as silver/silver chloride; metal/ 
metal oxide couples such as silver/silver oxide, nickel/nickel 
oxide and Zinc? zinc oxide; and metal oxides with allowing for 
multiple metal oxidation states Such as manganese oxide. 
Many reference electrode materials have surface potentials 
that are dependent on their chemical environment (e.g., on the 
pH or concentration of halide ions). If necessary, reference 
electrodes may be protected from variations in the chemical 
environment by coating the electrode with a film (e.g., a 
hydrophilic polymeric film) that provides for a well defined 
chemical environment (e.g., controlled concentrations of 
hydrogen ions or halide ions) directly on the surface of the 
electrode but also allows for the passage of ions in and out of 
the film. It may be advantageous to covera Substantial portion 
of these polymer films with an ion impermeable film so as to 
balance the requirement for ion flow in and out of the polymer 
film with the requirement that the chemical environment in 
the film remain substantially unaffected by contact with a 
sample or reagent solution (see, e.g., U.S. Pat. Nos. 5,384.031 
and 4,933,048). 
The electrodes and power sources of the invention may be 

directly connected or may be connected via a conductive lead 
or pathway, preferably formed of a conductive matrix Such as 
a metal, a conductive carbon-containing material or compos 
ite, a conductive polymer or an electrolytic solution. One 
embodiment of the invention relates to assay modules com 
prising electrodes connected to electrical power Sources via 
electrolytic solutions (e.g., so called “floating electrodes’), 
Such electrodes being, preferably, adapted for inducing elec 
trode induced luminescence (most preferably, electrochemi 
luminescence). By way of example, in one embodiment of the 
well of a multi-well assay plate pictured in FIG. 4E, counter 
electrodes 4904A and 4904B may be adapted to be indepen 
dently connected to the two poles of a source of electrical 
energy. In the use of this embodiment, the application of a 
potential across electrodes 4904A and 4904B is used to 
induce an electrical potential in electrode 4910 and, prefer 
ably, to induce luminescence (most preferably, electrochemi 
luminescence) from luminescent labels at electrode 4910. 
5.1.3 Dielectrics 

The assay modules of the present invention may use dielec 
tric inks, films or other electrically insulating materials (here 
inafter referred to as dielectrics). Dielectrics in the present 
invention may be used to prevent electrical connectivity 
between electrodes, to define patterned regions, to adhere 
materials together (i.e., as adhesives), to Support materials, to 
define assay domains, as masks, as indicia and/or to contain 
assay reagents and other fluids. Dielectrics are non-conduct 
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ing and advantageously non-porous (i.e., do not permit trans 
mission of materials) and resistant to dissolving or degrading 
in the presence of media encountered in an electrode induced 
luminescence measurement. The dielectrics in the present 
invention may be liquids, gels, Solids or materials dispersed in 
a matrix. They may be deposited in uncured form and cured to 
become solid. They may be inks, Solid films, tapes or sheets. 
Materials used for dielectrics include polymers, photoresists, 
solder masks, plastics, adhesives, gels, glasses, non-conduct 
ing inks, non-conducting pastes, ceramics, papers, elas 
tomers, silicones, thermoplastics. Preferably, dielectric mate 
rials of the invention are substantially free of silicones. 
Examples of non-conducting inks include UV curable dielec 
trics such as materials produced by Acheson Colloids Co. 
(e.g., Acheson 451 SS, 452SS, PF-021, PD-039, ML25251, 
ML25240, ML25265, and Electrodag 38DJB16 clear), Naz 
dar Inc. (SPL 4000 series of halftone inks) and E. I. du Pont 
de Nemours and Co. (e.g., Dupont: 5018, 3571, and 5017). 

Dielectrics of the present invention may be applied by a 
variety of means, for example, printing, spraying, laminating, 
or may be affixed with adhesives, glues, solvents or by use of 
mechanical fasteners. Patterns and/or holes in dielectric lay 
ers may be formed by molding processes (i.e., during fabri 
cation of the layer), by selective etching and/or by a cutting 
process such as die cutting or laser drilling. Dielectrics may 
be deposited and/or etched in patterns through the use of 
established photolithographic techniques (e.g., techniques 
used in the semiconductor electronics industry) and/or by 
patterned deposition using an evaporative or CVD process 
(e.g., by deposition through a mask). In a preferred embodi 
ment, a dielectric ink is deposited on a substrate by printing 
(e.g., inkjet printing, laser printing or, more preferably, 
screen printing) and, optionally, UV cured. Preferably, the 
screen printed dielectric is UV curable allowing for improved 
edge definition than solvent based dielectrics. In another pre 
ferred embodiment, a non-conducting polymeric film is 
affixed to a Support using an adhesive. 
When using a dielectric ink printed on or adjacent an elec 

trode to confine fluids to regions of the electrode surface, the 
dielectric film preferably has a thickness of 0.5-100 microme 
ters, or more preferably 2-30 micrometers, or most preferably 
8-12 micrometers and also, preferably, has a sharply defined 
edge with steep walls. 

5.1.4 Plate Tops 
The invention includes plate tops and assembled plates 

comprising a plate top and, preferably, a plate bottom defining 
well bottoms having one or more electrode surfaces, most 
preferably having one or more working electrode Surfaces 
and, optionally, one or more counter electrode Surfaces. Pref 
erably, the plate top is a structure with holes, wherein the 
structure may be combined with a plate bottom to form a 
multi-well plate, the walls of the wells of the plate being at 
least partially defined by the inside surfaces of the holes 
through the plate top. The holes through the plate top may be 
a variety of shapes (e.g., round, oval, square, rectangular, 
triangular, Star shaped, etc.). The holes may be of various 
sizes. They can also have irregular dimensions within a hole 
(e.g., the hole may become more narrow or more wide at 
different depths). For example, the hole may be shaped like a 
cone, becoming more narrow at the bottom so as to optimize 
the collection of light emitted from the well bottom. The plate 
top may also have structures or indicia thereon that aid in 
identifying the plate top, distinguishing the plate top from 
other configurations of plate top, or in aligning and handling 
the plate top. Advantageously, the dimensions and structure 
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of the plate top are preferably in accordance with, or at least 
compatible with, industry standards for the footprints and 
shapes of assay plates. 
The plate top may be made from conducting or non-con 

ducting materials. Preferably, the majority of the plate top is 
a unitary molded structure made from rigid thermoplastic 
material Such as polyethylene, acetate, polycarbonate, 
polypropylene, polyester (e.g., Mylar), polyimide (e.g., Kap 
ton), or polystyrene. Preferably, the Support comprises a flat 
sheet of plastic. According to one embodiment, the material 
comprises polystyrene blended with High Impact Polysty 
rene (HIPS) to reduce the brittleness of the material. Prefer 
ably, between 4 and 16 wt % HIPS is blended with the poly 
styrene, more preferably between about 8 and 12 wt %. 
Optimally, this unitary structure is formed of (or, alterna 
tively, coated with) inexpensive material that is generally 
impervious to reactants, can withstand modest levels of heat 
and light and is, preferably, resistant to the adsorption of 
biomolecules. Preferably, the plate top is substantially free of 
silicones. Plate tops may be clear or translucent. Different 
colored materials may be used to improve the results of cer 
tain ECL measurement processes. 

It is preferable that the plate top comprise a material that 
does not transmit light so as to prevent cross-talk between 
wells. A highly reflective metallic coating or constituent 
material may provide an especially reflective interior Surface 
for each of the wells so as to increase the efficiency with 
which light can be transmitted to photodetectors. An opaque 
white plastic material Such as a plastic filled with light scat 
tering particles (e.g., lead oxide, alumina, silica or, preferably, 
titanium dioxide particles) may provide an interior Surface for 
the wells that is highly light scattering thereby improving 
light gathering efficiency. In one embodiment, preferred plate 
tops comprise plastics (e.g., well walls) comprising such light 
scattering particles at a concentration of from 4-20 wt %, 
preferably 6-20%, more preferably 6-15%, even more pref 
erably 6-12%, and most preferred approximately 9% or 10%. 
In an alternate preferred embodiment, the plate top comprises 
an opaque, preferably non-reflective, black material to pre 
vent the reflection or scattering of ECL-generated light from 
different locations within a well and to prevent reflective 
interference during ECL test measurements. In general, when 
imaging light emitted from a well (e.g., when using a camera 
to produce an image of light emitted from the well) it is 
advantageous that the interior Surface of the well (e.g., as 
defined by a plate top) comprise an absorptive (e.g., black) 
preferably non-scattering material since the detection of scat 
tered light will reduce the fidelity of the image. In general, 
when detecting light in a non-imaging mode (e.g., when a 
single light detector is used to detect all the light emitted from 
a well) it is advantageous that the interior surface of the well 
comprise a reflective or highly scattering material So as to 
prevent the loss of light due to adsorption of light at the well 
walls and to maximize the collection of light at the detector. 

Yet another aspect of the invention relates to improved 
materials for use in the assay modules (e.g., plate tops, cas 
sette parts, etc.) of the invention, particularly assay modules 
used in luminescence assays. More specifically, the inventors 
have discovered improved materials for use in forming assay 
module components such as plate tops, which result in less 
background luminescence. 
As described above, TiO can be added to plate tops to 

provide a highly light scattering Surface that increases the 
efficiency of light collection from the wells and prevents 
cross-talk between wells. One drawback of the use of TiO, 
plates is a relatively long-lived luminescence (on the order of 
minutes) when the plate is exposed to UV or fluorescent light 
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prior to insertion into the instrument. This light intensity 
decays exponentially and thus, produces an undesirable time 
dependent background intensity signal. It is believed that the 
titanium dioxide is the source of this light. One explanation 
(although speculative) for the cause of this light emission is 
that upon excitation with band gap light, a photogenerated 
electronhole is produced in the TiO. The electronhole reacts 
with water to produce a hydroxyl radical. When the hydroxyl 
radical reacts with the conduction band electron of the TiO, 
light is generated. 
To overcome this problem, a “wait before the read time is 

preferably used during the plate read cycle and/or optical 
filters are used to reduce the effect. Upon further investiga 
tion, however, applicants discovered that the proper choice of 
TiO, (more specifically TiO, made by certain methods) 
greatly reduced the background luminescence and eliminated 
the need for optical filters in the instrument. More specifi 
cally, the use of TiO, having aluminescence reducing coating 
allows the wait time prior to measurement to be reduced to 
less than 2 minutes, preferably less than 1 minute, more 
preferably less than 50 seconds, even more preferably less 
than 40 seconds, even more preferably less than 30 seconds, 
and most preferably less than about 10 seconds without the 
use of optical filters. It should be noted that the wait time 
depends on the algorithm for data processing as well as the 
signal levels characteristic of a given assay. More Sophisti 
cated algorithms may be employed to further reduce the wait 
ing time caused by the decaying luminescence of the TiO, 
(e.g., second order or exponential fitting of the background 
signals). 

Titanium dioxide exists in three different crystal forms: 
Rutile (most common); Anatase (available, but less com 
mon); and Brookite (rare). In addition, most commercially 
available TiO, undergoes surface treatment during manufac 
ture. There are two types of Surface treatment: organic and 
inorganic. The TiO, may undergo either or both processes 
during manufacturing. The organic treatment is used to lower 
the surface energy of the TiO, particle so it will disperse well 
in polymers. Without an organic treatment, the hydrophilic 
TiO2 will not disperse, but remains aggregated. Common 
organic Surface treatments for TiO2 are treatments with 
polyol (low molecular weight polyethylene glycol), silicone 
and polydimethyl siloxane. The inorganic Surface treatment 
provides durability to the white pigment by preventing free 
radical breakdown by UV light. Common inorganic treat 
ments include phosphate, alumina, Zirconia and silica. Alu 
mina and Zirconia are the preferred organic treatments for 
protection from free radical damage. 

Applicants have discovered that the use of inorganic Sur 
face treated TiO, as an additive to an assay module compo 
nent Such as a plate top results in reduced background lumi 
nescence. Thus, one embodiment of the invention relates to an 
assay module component comprising TiO, which had been 
Subjected to inorganic treatment. Preferably, the inorganic 
treatment is selected from phosphate, alumina, Zirconia and 
silica; even more preferably alumina and/or Zirconia; and 
most preferably alumina. Thus, according to one preferred 
embodiment, the TiO2 comprises an inorganic coating, pref 
erably an alumina coating. Unintentional luminescence may 
also be reduced by using filters, shorter waveforms, and/or 
more Sophisticated data processing algorithms. For example, 
optical filters may be chosen that transmit the wavelength of 
the desired ECL signal (preferably, from 500-800 nm, more 
preferably, from 550-650 nm) and absorb luminescence from 
the plate top (preferably, light having a wavelength less than 
500 nm). Alternatively, ECL is induced using voltage wave 
forms that produce short but intense bursts of ECL (e.g., ramp 
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waveforms having slopes of >1 V7s) so as to minimize the 
integrated background luminescence during the ECL mea 
Surement. Alternatively, a data processing algorithm is used 
to Subtract background luminescence. For example, the back 
ground luminescence is measured prior to an ECL measure 
ment. ECL is measured and the background luminescence is 
subtracted. If the decay characteristics of the background 
luminescence is known or measured, the value of background 
luminescence used in the correction can be adjusted for the 
time between the measurement of background luminescence 
and the measurement of ECL (e.g., by modeling the back 
ground luminescence as an exponential decay with a time 
constant or by using a linear approximation of an exponential 
decay). 

FIG. 2E illustrates a plate top 280 according to a preferred 
embodiment of the present invention. Plate top 280 comprises 
a plate top body 281, a top surface 282, well wall 285, and 
well inner surface 286. Plate top 280 has one or more holes 
284 defined by top surface 282 and inner surface 286. Plate 
top 280 is preferably has light absorptive/reflecting/scattering 
properties as described above. Holes 284 are, preferably, 
configured as described above. Plate top 280 also has one or 
more corner recesses 287 that provide identifying physical 
indicia for plate top 280. In particular, corner recesses 287 
facilitate the alignment and handling of plate top 280 and 
assistin distinguishing plate top 280 from other plates having 
different configurations of recessed areas along their respec 
tive peripheries. Advantageously, the dimensions and struc 
ture of plate top body 281 are preferably in accordance with, 
or at least compatible with, industry standards for the foot 
prints and shapes of similar types of assay plates. Plate top 
280, preferably, also comprises indicia 283 that may be used 
to identify a particular hole 284. 

FIG. 2F shows another embodiment of plate top 280. Plate 
top 290 illustrates a plate top with a plurality of holes 291. In 
a preferred embodiment, holes 291 in plate top 290 have the 
cross sectional shape of a square. In an alternate embodiment, 
holes 291 have the cross sectional shape of a circle, and 
decrease in diameter as they move away from the top of the 
plate. In FIG. 2F, plate top 280 has three hundred eighty four 
(384) holes 291, arranged in a 2 dimensional array of rows 
and columns. FIG. 2G shows another embodiment of plate 
top 280. Plate top 295 illustrates a plate top with an array of 
holes 297. In a preferred embodiment, the holes 297 in plate 
top 295 have the cross sectional shape of a circle. In an 
alternate embodiment, holes 297 have the cross sectional 
shape of a square. In FIG. 2G, plate top 295 has 1536 holes. 
The invention also includes assay module tops and 

assembled assay modules comprising an assay module top 
and a plate bottom or assay module Substrate. The assay 
module top may be a plate top (as described above). The assay 
module top may have, e.g., holes, channels, and/or wells that 
when mated to a plate bottom or assay module Substrate 
define wells and/or chambers, such wells and/or chambers 
preferably comprising one or more electrodes (and/or assay 
domains) provided by the plate bottom or assay module Sub 
strate. The assay module top may have additional channels, 
tubes or other microfluidics so as to allow the flow of samples 
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an assay module. 

5.1.5 Electrode/Contact Configurations 
Another aspect of the invention relates to novel electrode 

and/or contact configurations. According to the invention, the 
shape, composition, placement/location, configuration, pat 
tern, thickness, Surface properties and many other character 
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istics of the electrodes and contacts are optimized to result in 
improved methods and systems. 

Optimizing the configuration of electrodes allows for: (i) 
higher density assay arrays, (ii) the reduction of the variation 
in Voltage across a plurality of wells and/or assay domains; 
(iii) the division of an assay module into independently 
addressable portions (e.g., allowing for independently 
addressable sectors of jointly addressable wells on a multi 
well assay plate); and/or (iv) ease of manufacture. 

Optimizing the configuration of contacts (e.g., electrical 
contacts on the bottom of an assay module Substrate and/or 
assay plate bottom) allows for: (i) reducing the number of 
necessary electrical connectors; (ii) reducing the variation in 
Voltage across a plurality of wells and/or assay domains; (iii) 
controlling any flexing or bending of the well bottom during 
contacting; (iv) the division of an assay module into indepen 
dently addressable portions (e.g., allowing for independently 
addressable sectors of jointly addressable wells on a multi 
well assay plate); and/or (iv) ease of manufacture. 
One embodiment of the invention relates to a multi-well 

plate comprising a plate top having a plurality of rows of 
openings and a plate bottom having first electrodestrips (pref 
erably working electrode strips) and second electrode Strips 
(preferably counter electrode strips) patterned thereon, 
wherein the plate top is affixed on the substrate thereby form 
ing a plurality of rows of wells from the openings, wherein the 
bottom of each well comprises an exposed portion of at least 
one first electrode strip and two exposed edge portions of the 
second electrode strips. More specifically, referring to FIG. 
10A, working electrode strips 1052 and counter electrode 
strips 1054 are arranged on a plate bottom so that when the 
plate bottom is adjoined to the plate top, the working elec 
trode strip is centered within each well, with a portion of two 
adjacent counter electrodes on each side. 

Another embodiment of the invention relates to a multi 
well plate comprising a plate top having a plurality of rows of 
openings and a Substrate, wherein the plate top is placed on 
the substrate thereby forming a plurality of well rows from the 
plurality of openings and well bottoms, the well bottoms 
comprising a center portion of a working electrode strip and 
a portion from two counter electrode strips on each side of the 
portion of the working electrode strip. Preferably, the well 
rows are aligned with the working electrode strips and the 
counter electrode strips, wherein each of the plurality of well 
rows comprises: (i) a first well comprising a first well bottom 
including an exposed portion of a first working electrodestrip 
(preferably centered within the well), a first edge portion 
including an exposed portion of a first counter electrode Strip 
and a second edge portion including an exposed portion of a 
second counter electrode strip and (ii) at least a second well 
comprising a second well bottom including an exposed por 
tion of the first working electrode strip (preferably centered), 
a first edge portion including an exposed portion of the first 
counter electrode strip and a second edgeportion including an 
exposed portion of the second counter electrode strip. See, 
FIGS. 10A and 16A. 

Another aspect of the invention relates to an assay module 
preferably having wells and/or chambers, most preferably a 
multi-well plate, comprising a Substrate having a first side and 
a second side, the Substrate comprising a plurality of first 
electrode surfaces (preferably working electrode surfaces) 
and, preferably, a plurality of second electrode surfaces (pref 
erably counter electrode surfaces) on the first side and one or 
more conductive contacts on the second side, wherein two or 
more, preferably all or substantially all, of the plurality of 
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wells and/or chambers each comprise one or more working 
electrode Surfaces and one or more counter electrode Sur 
faces. 
One embodiment of the invention relates to a multi-well 

plate, wherein the plate Substrate includes one or more con 
ductive contacts adapted to: (a) distribute Voltage, applied to 
the conductive contacts, uniformly throughout the plurality of 
wells, preferably distribute voltage such that any voltage 
variation is less than 0.5 volts, more preferably less than 0.1 
volts, even more preferably less than 0.01 volts; (b) distribute 
voltage uniformly throughout the plurality of wells such that 
the variation of the sum of the effective resistance from the 
contacts to the counter electrode and the effective resistance 
from the contacts to working electrode for the plurality of 
wells is less than 10 ohms, preferably less than 5 ohms, more 
preferably less than 1 ohms, and most preferred constant; 
and/or (c) distribute voltage uniformly throughout the plural 
ity of wells such that the variation of V minus V for the 
plurality of wells is less than 0.5 volts, preferably the variation 
of Vc-Vw is less than 0.1 volt, most preferably less than 50 
mvolts, where Vc and Vw are defined as the voltage at the 
counter electrode and the Voltage at the working electrode, 
respectively. 

Preferably, the plates comprise plate contacts adapted to 
uniformly distribute current and/or voltage to the wells. 
According to one embodiment, the plate substrate further 
comprises a bottom Surface comprising at least one indepen 
dent electrical contact Surface that is electrically connected to 
each of the plurality of independently addressable sectors of 
jointly addressable wells. The plate or plate substrate may 
further comprise one or more common (to more than one 
sector) electrical contact Surfaces located on a Surface of the 
plate, preferably, on the bottom of the plate Substrate (e.g., 
there may be one or more common electrical contact Surfaces 
that are connected to a counter electrode Surface that is com 
mon to the entire plate). Advantageously, the electrical con 
tact locations are positioned on the bottom surface between 
the plurality of wells such that the apparatus contacts contact 
the plate between the wells. According to one embodiment, 
the bottom surface comprises between 2 and 10 electrical 
contact surfaces persector, even more preferably the bottom 
Surface comprises two, six or seven contact Surfaces per sec 
tOr. 

According to one embodiment, the plate bottom or Sub 
strate comprises a bottom Surface comprising a plurality of 
electrical contacts or contact locations, preferably an array of 
electrical contact locations arranged in a 2x3 array. 
The term “contact locations” is used herein to refer to the 

actual locations of the assay plate where the electrical con 
nectors from the apparatus contact the plate. The term “con 
tacts” or “contact surfaces” is intended to refer to the conduc 
tive surfaces on the plate bottom which are contacted with the 
electrical connections or electrical connectors. The “contact 
locations' are located within the “contact surfaces”. The area 
of the “contact surface' can be significantly larger than that of 
the “contact locations”. For example, referring to FIG. 10A, a 
plate bottom is illustrated showing working contacts 1072 
(which are electrically connected to working electrodes 1052 
via conductive through-holes 1062) and counter contacts 
1074 (which are electrically connected to counter electrodes 
1054 via conductive through-holes 1064). This figure shows 
an embodiment where the elongated counter contact Surface 
1074 is larger, yet encompasses the locations which are con 
tacted by the counter electrical connector of the apparatus 
(e.g., the preferred counter electrode contact locations 3470 
as shown in FIG. 34B). 
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42 
Preferably, each of the electrical contact locations is posi 

tioned between 0.1 and 1 inches away from each adjacent 
electrical contact location, more preferably between 0.2 to 0.8 
inches, even more preferably 0.3 to 0.4 inches. 

Preferably, contact surfaces on the bottom of the plate 
comprise contact locations that are located between wells of 
the plate so that contacting the contact locations with an 
electrical connector does not distort the bottom surface of a 
well. FIG. 34A, shows (with respect to a fully assembled 
multi-well plate 3400 shown having wells 3405 arranged in a 
standard 96 well plate configuration) preferred contact loca 
tions on the plate bottom of plate 3400. Plate 3400 has an 
array, preferably a 2x3 array, of square sectors or regions 
3410 (the division into sectors represented by dotted lines), 
wherein each sector comprises one or more electrical contact 
locations 3420 (represented by Xs) and 3430 (represented 
by *s) on a bottom surface of the plate bottom, the contact 
locations being located between wells on plate 3400. The 
contact locations on each sector are, preferably, arranged in a 
2x3 array. Electrical contact locations 3420 are, preferably, 
connected to working electrodes; electrical contact locations 
3430 are, preferably, connected to counter electrodes. The 
electrical contacts locations are located at at least one, pref 
erably at least two, more preferably at least four and most 
preferably all, of the following locations, the locations being 
defined by coordinates (X, Y) measured (inches, +0.250", 
preferably +0.125") from the left and top edges, respectively, 
of the plate (viewing the plate from above, i.e., referring to 
FIG. 1, well A1 being the closest to the top left corner). 

(i) one or more (preferably two or more, more preferably 
three or more and most preferably all) of first sector 
locations: (0.743, 0.620), (1.097, 0.620), (1451, 0.620), 
(0.743, 1.329), (1.097, 1.329), (1.451, 1.329), most pref 
erably, one or more working electrode contact locations 
selected from (0.743, 0.620), (1.451, 0.620), (0.743, 
1.329), and (1.451, 1.329) and/or one or more counter 
electrode contact locations selected from (1.097, 0.620), 
and (1.097, 1.329); 

(ii) one or more (preferably two or more, more preferably 
three or more and most preferably all) of second sector 
locations: (2.161, 0.620), (2.515, 0.620), (2.869, 0.620), 
(2.161, 1.329), (2.515, 1.329), (2.869, 1.329), most pref 
erably, one or more working electrode contact locations 
selected from (2.161, 0.620), (2.869, 0.620), (2.161, 
1.329), and (2.869, 1.329) and/or one or more counter 
electrode contact locations selected from (2.515, 0.620), 
and (2.515, 1.329); 

(iii) one or more (preferably two or more, more preferably 
three or more and most preferably all) of third sector 
locations: (3.579, 0.620), (3.933, 0.620), (4.287,0.620), 
(3.579, 1.329), (3.933, 1.329), (4.287, 1.329), most pref 
erably, one or more working electrode contact locations 
selected from (3.579, 0.620), (4.287, 0.620), (3.579, 
1.329), and (4.287, 1.329) and/or one or more counter 
electrode contact locations selected from (3.933, 0.620), 
and (3.933, 1.329); 

(iv) one or more (preferably two or more, more preferably 
three or more and most preferably all) of fourth sector 
locations: (0.743, 2.038), (1.097, 2.038), (1.451, 2.038), 
(0.743, 2.747), (1.097, 2.747), (1.451, 2.747), most pref 
erably, one or more working electrode contact locations 
selected from (0.743, 2.038), (1.451, 2.038), (0.743, 
2.747), and (1.451, 2.747) and/or one or more counter 
electrode contact locations selected from (1.097, 2.038), 
and (1.097, 2.747); 

(v) one or more (preferably two or more, more preferably 
three or more and most preferably all) of fifth sector 
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locations: (2.161.2.038), (2.515, 2.038), (2.869, 2.038), 
(2.161, 2.747), (2.515, 2.747), (2.869, 2.747), most pref 
erably, one or more working electrode contact locations 
selected from (2.161, 2.038), (2.869, 2.038), (2.161, 
2.747), and (2.869, 2.747) and/or one or more counter 
electrode contact locations selected from (2.515, 2.038), 
and (2.515, 2.747); and 

(vi) one or more (preferably two or more, more preferably 
three or more and most preferably all) of sixth sector 
locations: (3.579, 2.038), (3.933, 2.038), (4.287, 2.038), 
(3.579, 2.747), (3.933, 2.747), (4.287, 2.747), most pref 
erably, one or more working electrode contact locations 
selected from (3.579, 2.038), (4.287, 2.038), (3.579, 
2.747), and (4.287. 2.747) and/or one or more counter 
electrode contact locations selected from (3.933, 2.038), 
and (3.933, 2.747). 

The pattern of contact locations described above is illus 
trated in FIG.34A in relation to a 96-well plate, however, it is 
not limited to use with 96-well plates and may be applied to 
plates or plate bottoms of many plate formats including 1, 2, 
6, 24, 384, 1536, 6144 and 9600-well plates. Preferably, the 
contact locations are located in the regions between the wells 
of a fully assembled plate. 
The preferred locations of contact locations may also be 

specified in relation to the location of wells in a fully 
assembled plate. A preferred embodiment relates to a 96 well 
plate having electrodes and electrical contact surfaces. Refer 
ring to FIG. 1, the 96 well plate comprises rows (designated 
with the letters A through H) and columns of wells (desig 
nated with the numbers 1-12). The plate preferably comprises 
one or more, preferably two or more, more preferably all, of 
the following sectors (as shown in FIG. 34A): 

a first sector comprising wells A1 through A4, B1 through 
B4, C1 through C4, and D1 though D4; 

a second sector comprising wells A5 through A8, B5 
through B8, C5 through C8, and D5 though D8; 

a third sector comprising wells A9 through A12, B9 
through B12, C9 through C12, and D9 through D12: 

a fourth sector comprising wells E 1 through E4, F1 through 
F4, G1 through G4, and H1 though H4; 

a fifth sector comprising wells E5 through E8, F5 through 
F8, G5 through G8, and H5 though H8; and 

a sixth sector comprising wells E9 through E12, F9 through 
F1, G9 through G12, and H9 though H12. 

Each of the designations refers to a region of the plate 
defined by the row and column. For example, A1 refers to the 
well in row A and column 1. We use the following notation 
herein to refer to the region between wells: “well-well2. 
For example, the term “Al-B2 is used herein to refer to the 
region between well A1 (row A, column 1) and B2 (row B, 
column 2). The term “A1 through A4 is used to refer to the 
region including wells A1, A2, A3 and A4, including the 
space in-between. 

According to one preferred embodiment of the invention, 
the sector comprises one or more electrical contact locations 
or contact surfaces on the plate bottom at one or more, pref 
erably two or more, more preferably four or more and most 
preferred six of the following sector locations (by reference to 
FIGS. 1 and 34A): 

(i) one or more, more preferably two or more and most 
preferred six, of first sector locations: Al-B2: A2-B3; 
A3-B4; C1-D2: C2-D3; C3-D4, most preferably, one or 
more working electrode contact locations selected from 
Al-B2, A3-B4, C1-D2 and C3-D4 and/or one or more 
counter electrode contact locations selected from A2-B3 
and C2-D3; 
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(ii) one or more, more preferably two or more and most 

preferred six, of second sector locations: A5-B6: A6-B7; 
A7-B8: C5-D6: C6-D7; C7-D8, most preferably, one or 
more working electrode contact locations selected from 
A5-B6, A7-B8, C5-D6 and C7-D8 and/or one or more 
counter electrode contact locations selected from A6-B7 
and C6-D7; 

(iii) one or more, more preferably two or more and most 
preferred six, of third sector locations: A9-B10; A 10 
B11; A11-B12: C9-D10; C10-D11; C11-D12, most 
preferably, one or more working electrode contact loca 
tions selected from A9-B10, A11-B12, C9-D10 and 
C11-D12 and/or one or more counter electrode contact 
locations selected from A10-B11 and C10-D11; 

(iv) one or more, more preferably two or more and most 
preferred six, of fourth sector locations: E1-F2: E2-F3; 
E3-F4: G1-H2: G2-H3; G3-H4, most preferably, one or 
more working electrode contact locations selected from 
E1-F2, E3-F4, G1-H2 and G3-H4 and/or one or more 
counter electrode contact locations selected from E2-F3 
and G2-H3; 

(v) one or more, more preferably two or more and most 
preferred six, of fifth sector locations: E5-F6; E6-F7: 
E7-F8; G5-H6; G6-H7: G7-H8, most preferably, one or 
more working electrode contact locations selected from 
E5-F6, E7-F8, G5-H6 and G7-H8 and/or one or more 
counter electrode contact locations selected from E6-F7 
and G6-H7; and 

(vi) one or more, more preferably two or more and most 
preferred six, of sixth sector locations: E9-F10; E10 
F 11, E11-F 12: G9-H10; G 10-H11; G 11-H12, most 
preferably, one or more working electrode contact loca 
tions selected from E9-F10; E11-F12: G9-H10 and G 11 
H12 and/or one or more counter electrode contact loca 
tions selected from E10-F11 and G10-H11. 

By analogy, preferred contact location(s) on a 384-well 
plate or plate bottom for use with a 384 well plate may be 
defined in relationship to the wells of a 384-well plate having 
a standard configuration of wells in rows A-P and columns 
1-24. In one embodiment, the plate, preferably, comprises 
one or more, preferably two or more, more preferably all, of 
the following sectors: 

a first sector comprising wells A1 through A8, B1 through 
B8, C1 through C8, D1 though D8, E1 through E8, F1 
through F8, G1 through G8, and H1 though H8; 

a second sector comprising wells A9 through A16, B9 
through B16, C9 through C16, D9 though D16, E9 
through E16, F9 through F16, G9 through G16, and H9 
though H16; 

a third sector comprising wells A17 through A24, B17 
through B24, C17 through C24, D17 though D24, E17 
through E24, F17 through F24. G17 through G24, and 
H17 though H24; 

a fourth sector comprising wells I1 through I8, J1 through 
J8, K1 through K8, L1 though L8, M1 through M8, N1 
through N8, O1 through O8 and P1 through P8: 

a fifth sector comprising wells I9 through I16, J9 through 
J16, K9 through K16, L9 though L16, M9 through M16, 
N9 through N16, O9 through O16 and P9 through P16: 
and 

a sixth sector comprising wells I17 through I24, J 17 
through J24, K17 through K24, L17 though L24, M17 
through M24, N17 through N24. O17 through O24 and 
P17 through P24. 
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Preferably, each plate sector comprises one or more elec 
trical contact locations at one or more, preferably two or 
more, more preferably four or more and most preferred six, of 
the following locations: 

(i) one or more, preferably two or more, more preferably 
four or more and most preferred all, of first sector loca 
tions: B2-C3: B4-C5; B6-C7: F2-G3; F4-G5; F6-G7, 
most preferably, one or more working electrode contact 
locations selected from B2-C3, B6-C7, F2-G3 and 
F6-G7 and/or one or more counter electrode contact 
locations selected from B4-C5 and F4-G5; 

(ii) one or more, preferably two or more, more preferably 
four or more and most preferred all, of second sector 
locations: B10-C11; B12-C13; B14-C15; F10-G11; 
F12-G13, F14-G15, most preferably, one or more work 
ing electrode contact locations selected from B10-C11, 
B 14-C15, F10-G11 and F14-G15 and/or one or more 
counter electrode contact locations selected from B12 
C13 and F10-G11; 

(iii) one or more, preferably two or more, more preferably 
four or more and most preferred all, of third sector 
locations: B18-C19: B20-C21; B22-C23; F 18-G19: 
F20-G21: F22-G23, most preferably, one or more work 
ing electrode contact locations selected from B18-C19, 
B22-C23, F18-G19 and F22-G23 and/or one or more 
counter electrode contact locations selected from B20 
C21 and F20-G21; 

(iv) one or more, preferably two or more, more preferably 
four or more and most preferred all, of fourth sector 
locations: J2-K3; J4-K5; J6-K7; N2-O3: N4-O5; 
N6-O7, most preferably, one or more working electrode 
contact locations selected from J2-K3, J6-K7, N2-O3 
and N6-O7 and/or one or more counter electrode contact 
locations selected from J4-K5 and N4-O5; 

(v) one or more, preferably two or more, more preferably 
four or more and most preferred all, of fifth sector loca 
tions: J10-K11; J12-K13; J14-K15; N10-O11; N12 
O13; N14-O15, most preferably, one or more working 
electrode contact locations selected from J10-K11, J14 
K15, N10-O11 and N14-O15 and/or one or more 
counter electrode contact locations selected from J12 
K13 and J14-K15; and 

(vi) one or more, preferably two or more, more preferably 
four or more and most preferred all, of sixth sector 
locations: J18-K19:J20-K21: J22-K23;N18-O19: N20 
O21, N22-O23, most preferably, one or more working 
electrode contact locations selected from J18-K19, J22 
K23, N18-O19 and N22-O23 and/or one or more 
counter electrode contact locations selected from J20 
K21 and N20-O21. 

FIG. 34B, another embodiment of the invention, shows 
(with respect to a fully assembled multi-well plate 3450 
shown having wells 3455 arranged in a standard 96 well plate 
configuration) preferred contact locations on the plate bottom 
of plate 3450, the plate having a different arrangement of 
sectors than plate 3400. Plate 3450 has an array, preferably a 
1x12 array, of columnar sectors or regions 3460 (the division 
into sectors represented by dotted lines), wherein each sector 
comprises one or more electrical contact locations 3480 (rep 
resented by Xs) and 3470 (represented by *s) on a bottom 
Surface of the plate bottom, the contact locations being 
located between wells on plate 3450. The contact locations on 
each sector are, preferably, arranged in a 7x1 array. Electrical 
contact locations 3480 are, preferably connected to working 
electrodes; electrical contact locations 3470 are, preferably, 
connected to counter electrodes. The electrical contacts are 
located at at least one, preferably at least two, more preferably 
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at least four and most preferably all, of the following loca 
tions, the locations being defined by coordinates (X,Y) mea 
sured (inches, +0.250", preferably +0.125") from the left and 
top edges, respectively, of the plate (viewing the plate from 
above, i.e., referring to FIG.1, well A1 being the closest to the 
top left corner): 

(i) one or more (preferably two or more, more preferably 
three or more and most preferably all) of first sector 
locations: (0.566, 0.620), (0.566, 0.975), (0.566,1.329), 
(0.566, 1.684), (0.566, 2.038), (0.566, 2.393), (0.566, 
2.747), most preferably, one or more working electrode 
contact locations selected from (0.566, 0.620), (0.566, 
1.329), (0.566, 2.038) and (0.566, 2.747) and/or one or 
more counter electrode contact locations selected from 
(0.566, 0.975), (0.566, 1.684) and (0.566, 2.393); 

(ii) one or more (preferably two or more, more preferably 
three or more and most preferably all) of second sector 
locations: (0.920, 0.620), (0.920, 0.975), (0.920, 1.329), 
(0.920, 1.684), (0.920, 2.038), (0.920, 2.393), (0.920, 
2.747), most preferably, one or more working electrode 
contact locations selected from (0.920, 0.620), (0.920, 
1.329), (0.920, 2.038) and (0.920, 2.747) and/or one or 
more counter electrode contact locations selected from 
(0.920, 0.975), (0.920, 1.684) and (0.920, 2.393); 

(iii) one or more (preferably two or more, more preferably 
three or more and most preferably all) of third sector 
locations: (1.275, 0.620), (1.275, 0.975), (1.275, 1.329), 
(1.275, 1.684), (1.275, 2.038), (1.275, 2.393), (1.275, 
2.747), most preferably, one or more working electrode 
contact locations selected from (1.275, 0.620), (1.275, 
1.329), (1.275, 2.038) and (1.275, 2.747) and/or one or 
more counter electrode contact locations selected from 
(1.275, 0.975), (1.275, 1.684) and (1.275, 2.393); 

(iv) one or more (preferably two or more, more preferably 
three or more and most preferably all) of fourth sector 
locations: (1.629, 0.620), (1.629, 0.975), (1.629, 1.329), 
(1.629, 1.684), (1.629, 2.038), (1.629, 2.393), (1.629, 
2.747), most preferably, one or more working electrode 
contact locations selected from (1.629, 0.620), (1.629, 
1.329), (1.629, 2.038) and (1.629, 2.747) and/or one or 
more counter electrode contact locations selected from 
(1.629, 0.975), (1.629, 1.684) and (1.629, 2.393); 

(v) one or more (preferably two or more, more preferably 
three or more and most preferably all) of fifth sector 
locations: (1.983, 0.620), (1983, 0.975), (1983, 1.329), 
(1983, 1.684), (1983, 2.038), (1983, 2.393), (1983, 
2.747), most preferably, one or more working electrode 
contact locations selected from (1.983, 0.620), (1.983, 
1.329), (1.983, 2.038) and (1.983, 2.747) and/or one or 
more counter electrode contact locations selected from 
(1983, 0.975), (1983, 1.684) and (1983, 2.393); 

(vi) one or more (preferably two or more, more preferably 
three or more and most preferably all) of sixth sector 
locations: (2.338, 0.620), (2.338, 0.975), (2.338, 1.329), 
(2.338, 1.684), (2.338, 2.038), (2.338, 2.393), (2.338, 
2.747), most preferably, one or more working electrode 
contact locations selected from (2.338, 0.620), (2.338, 
1.329), (2.338, 2.038) and (2.338, 2.747) and/or one or 
more counter electrode contact locations selected from 
(2.338, 0.975), (2.338, 1.684) and (2.338, 2.393); 

(vii) one or more (preferably two or more, more preferably 
three or more and most preferably all) of seventh sector 
locations: (2.692, 0.620), (2.692, 0.975), (2.692, 1.329), 
(2.692, 1.684), (2.692, 2.038), (2.692, 2.393), (2.692, 
2.747), most preferably, one or more working electrode 
contact locations selected from (2.692, 0.620), (2.692, 
1.329), (2.692, 2.038) and (2.692, 2.747) and/or one or 
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more counter electrode contact locations selected from 
(2.692, 0.975), (2.692, 1.684) and (2.692, 2.393); 

(viii) one or more (preferably two or more, more preferably 
three or more and most preferably all) of eighth sector 
locations: (3.046,0.620), (3.046,0.975), (3.046, 1.329), 
(3.046, 1.684), (3.046, 2.038), (3.046, 2.393), (3.046, 
2.747), most preferably, one or more working electrode 
contact locations selected from (3.046, 0.620), (3.046, 
1.329), (3.046, 2.038) and (3.046, 2.747) and/or one or 
more counter electrode contact locations selected from 
(3.046, 0.975), (3.046, 1.684) and (3.046, 2.393); 

(ix) one or more (preferably two or more, more preferably 
three or more and most preferably all) of ninth sector 
locations: (3.400, 0.620), (3.400, 0.975), (3.400, 1.329), 
(3.400, 1.684), (3.400, 2.038), (3.400, 2.393), (3.400, 
2.747), most preferably, one or more working electrode 
contact locations selected from (3.400, 0.620), (3.400. 
1.329), (3.400, 2.038) and (3.400, 2.747) and/or one or 
more counter electrode contact locations selected from 
(3.400, 0.975), (3.400, 1.684) and (3.400, 2.393); 

(x) one or more (preferably two or more, more preferably 
three or more and most preferably all) of tenth sector 
locations: (3.755, 0.620), (3.755, 0.975), (3.755, 1.329), 
(3.755, 1.684), (3.755, 2.038), (3.755, 2.393), (3.755, 
2.747), most preferably, one or more working electrode 
contact locations selected from (3.755, 0.620), (3.755, 
1.329), (3.755, 2.038) and (3.755, 2.747) and/or one or 
more counter electrode contact locations selected from 
(3.755, 0.975), (3.755, 1.684) and (3.755, 2.393); 

(xi) one or more (preferably two or more, more preferably 
three or more and most preferably all) of eleventh sector 
locations: (4.109, 0.620), (4.109, 0.975), (4.109, 1.329), 
(4.109, 1.684), (4.109, 2.038), (4.109, 2.393), (4.109, 
2.747), most preferably, one or more working electrode 
contact locations selected from (4.109, 0.620), (4.109, 
1.329), (4.109, 2.038) and (4.109, 2.747) and/or one or 
more counter electrode contact locations selected from 
(4.109, 0.975), (4.109, 1.684) and (4.109, 2.393); and 

(xii) one or more (preferably two or more, more preferably 
three or more and most preferably all) of twelfth sector 
locations: (4.463, 0.620), (4.463, 0.975), (4.463, 1.329), 
(4.463, 1.684), (4.463, 2.038), (4.463, 2.393), (4.463, 
2.747), most preferably, one or more working electrode 
contact locations selected from (4.463, 0.620), (4.463, 
1.329), (4.463, 2.038) and (4.463, 2.747) and/or one or 
more counter electrode contact locations selected from 
(4.463, 0.975), (4.463, 1.684) and (4.463, 2.393). 

The contact locations of a 96-well plate or plate bottom 
having a 1x12 array of sectors may also be defined in rela 
tionship to the position of the wells in the fully assembled 
plate. Preferably, at least one and, most preferably, all of the 
sectors have one or more (preferably two or more, more 
preferably three or more and most preferably all) contact 
locations selected from: An-Bn, Bn-Cn, Cn-Dn, Dn-En, En 
Fn, Fn-Gn and Gn-Hn where n is the number designating the 
plate column defining the sector (by reference to FIG. 1), and 
most preferably has at least one working contact location 
selected from An-Bn, Cn-Dn, En-Fn, and Gn-Hn and at least 
one countercontact location selected from Bn-Cn, Dn-Enand 
Fn-Gn. 

According to preferred embodiments of the invention, the 
above-identified plate bottoms having the 2x3 or 1x12 array 
of sectors and contact locations defined on said sectors further 
comprise a plate top having a plurality of openings forming a 
plurality of wells aligned with the electrodes. 
The invention also relates to an apparatus configured to 

measure luminescence from a multi-well plate having the 
above-identified contact configuration. More specifically, 
comprising electrical connectors to contact the plate bottom 
at the above-identified contact locations. The invention also 
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relates to methods of performing assays comprising the step 
of contacting the assay plate at the above-identified contact 
locations. 

According to one embodiment, the apparatus comprises a 
plurality of electrical connectors, wherein the plurality of 
electrical connectors is configured to contact the bottom Sur 
face, preferably between the wells. Preferably, the plurality of 
electrical connectors comprises one or more working connec 
tors (i.e., the electrical connector which contacts the plate to 
electrically connect the source of electrical energy to the 
working electrodes) and one or more counterconnectors (i.e., 
the electrical connectors which contact the plate to electri 
cally connect the source of electrical energy to the counter 
electrodes). 

Preferably, each sector is contacted by the plurality of 
electrical connectors at six locations, more preferably a 2x3 
array of locations as defined above. 

Another preferred embodiment of the invention relates to 
an apparatus comprising a light detector adapted to measure 
luminescence emitted from the plurality of wells and a plu 
rality of electrical connectors, wherein the plurality of elec 
trical connectors are configured to contact the bottom Surface 
of a multi-well plate, preferably of a 384 well plate at the 
above-described contact locations. 

Another aspect of the invention relates to plate bottom (and 
corresponding multi-well plates) having a plurality of elec 
trodes on a first surface and a plurality of “contact sectors' on 
a second surface. The term “contact sector” is used herein to 
refer to independently addressable regions or sectors of con 
tacts. FIG. 11A illustrates an example of a contact sector 1170 
comprising a working contact Surface 1172 and a counter 
electrode surface 1174. 

Accordingly, another embodiment of the invention relates 
to a multi-well plate bottom and/or multi-well plate compris 
1ng: 

(a) a Substrate having a top surface and a bottom Surface; 
(b) a plurality of patterned working electrodes on the top 

Surface; 
(c) a plurality of patterned counter electrodes on the top 

Surface, each of the patterned counter electrodes being 
associated with corresponding patterned working elec 
trodes; and 

(d) two or more independently addressable contact sectors 
on the bottom surface, each of the contact sectors corre 
sponding to an electrode sector comprising one or more 
of the plurality of patterned working electrodes and one 
or more of the plurality of patterned counter electrodes 
on the top surface and including a plurality of conductive 
contact surfaces. 

Preferably, the plurality of conductive contact surfaces 
include: 

(i) a first conductive contact surface located within a first 
contact region, the first conductive contact Surface being 
electrically connected to the one or more corresponding 
patterned working electrodes on the top surface; and 

(ii) a second conductive contact surface located within a 
second contact region, the second conductive contact 
Surface being electrically connected to the one or more 
corresponding patterned counter electrodes on the top 
Surface; 

wherein the first conductive contact surface and the second 
conductive contact Surface are electrically isolated from 
each other. 

Preferably, the two or more sectors comprise at least six 
sectors, more preferably six sectors in a 2x3 array of equal 
size sectors. 

According to a preferred embodiment, the substrate further 
comprises: (i) first conductive through-holes electrically con 
necting the first conductive contact Surface on the bottom 
Surface with the one or more corresponding patterned work 
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ing electrodes on the top Surface and (ii) second conductive 
through-holes electrically connecting the second conductive 
contact Surface to the one or more corresponding patterned 
counter electrodes on the top surface. Preferably, the first 

50 
more of the plurality of patterned counter electrodes on 
the top surface, the one or more independently address 
able contact sectors including a plurality of conductive 
contact surfaces; 

contact region has a U-shaped configuration and the second 5 preferably, wherein the plurality of conductive contact sur 
contact region has a T-shaped configuration, wherein the faces for a given contact sector include: 
Erisis is mated with the p ents, (i) a first conductive contact surface located within a first 
S. within the Ri See ES that in e I contact region, the first contact region having a (be ow) gives, preferred locations of said U-shaped first con- U-shaped configuration and comprising segments 
tact region and said T-shaped second contact region as defined 10 aligned as defined in Table I, wherein the first con with relation to the positions of wells in a fully assembled 96 ductive contact Surface is electrically connected -well plate (having the standard configuration of rows A 
through H and columns 1 through 12) and a fully assembled (preferably, V1a one or, more preferably, a plurality of 
384-well plate (having the standard configuration of rows A conductive through-holes through said substrate, the 
through Pand columns 1 through 24). The table describes the through-holes, preferably, being located within the 
contact regions by dividing them into segments that are 15 area defined by said first contact region) to the one or 
roughly aligned with lines, the endpoints of the lines being more corresponding patterned working electrodes on 
defined in relationship to wells on the plates. the top surface; and 

Referring to FIGS. 11A and 12A, preferred embodiments (ii) a second conductive contact surface located within a 
include 96-well plates or 384-well plates having a standard second contact region, the second contact region hav 
configuration of wells (or plate bottoms for said 96-well or 20 ing a T-shaped configuration and comprising seg 
384-well plates), the multi-well plates (or plate bottoms) ments as defined in Table I, wherein the second con 
comprising: ductive contact Surface is electrically connected 

a Substrate having a top surface and a bottom surface; (preferably, via one or, more preferably, a plurality of 
a plurality of patterned working electrodes on the top Sur- conductive through-holes through said Substrate, the 

face; 25 through-holes, preferably, being located within the 
a plurality of patterned counter electrodes on the top Sur- area defined by said second contact region) to the one 

face, each of the patterned counter electrodes being or more corresponding patterned counter electrodes 
associated with corresponding patterned working elec- on the top surface; 
trodes; and wherein the first conductive contact surface and the 

one or more, preferably six, independently addressable 30 second conductive contact Surface are electrically 
contact sectors on the bottom Surface (e.g., one or more, isolated from each other. 
preferably all, of the contact sectors as listed in Table I), Other embodiments of the invention would include rotat 
each of the contact sectors corresponding to an electrode ing any one of the above-identified U and/or T configurations 
sector comprising one or more of the plurality of pat- in any one or more of the above sectors. For example, rotating 
terned working electrodes on the top surface and one or either the U and/or the T90 degrees, 180 degrees or the like. 

TABLE I 

Preferred Location of Contact Region 
(describing the contact regions as comprising segments 

Contact Contact roughly aligned with the following lines 

Sector Region Plate is 96-Well Plate Plate is 384-Well Plate 

1 Firs A1-B2 to D1-D2, A3-B4 to D3- B2-C3 to H2-H3, B6-C7 to H6 
D4 and D1 to D4 H7 and H1 to H8 

Second A1 to A4 and A2-A3 to C2-D3 A1 to A8 and A4-A5 to F4-G5 
2 Firs A5-B6 to D5-D6, A7-B8 to D7- B10-C11 to H10-H11, B14-C15 

D8 and D5 to D8 to H14-H15 and H9 to H16 
Second A5 to A8 and A6-A7 to C6-D7 A9 to A16 and A12-A13 to F12 

G13 
3 Firs A9-B10 to D9-D10, A11-B12 to B18-C19 to H18-H19, B22-C23 

D11-D12 and D9 to D12 to H22-H23 and H17 to H24 
Second A9 to A12 and A10-A11 to C10- A17 to A24 and A20-A21 to F20 

D11 G21 
4 Firs G1-H2 to E1-E2, G3-H4 to E3- N2-O3 to I2-I3, N6-O7 to I6-I7 

E4 and E1 to E and I1 to I8 
Second H1 to H4 and H2-H3 to E2-F3 P1 to P8 and P4-PS to J4-KS 

S Firs G5-H6 to E5-E6, G7-H8 to E7- N10-O11 to I10-I11, N14-O15 to 
E8 and E5 to E I14-I15 and I9 to I16 

Second H5 to H8 and H6-H7 to E6-F7 P9 to P16 and P12-P13 to J12 
K13 

6 Firs G9-H10 to E9-E10, G11-H12 to N18-O19 to I18-I19, N22-O23 to 
E11-E12 and E9 to E12 I22-I23 and I17 to I24 

Second H9 to H12 and H10-H11 to E10- P17 to P24 and P20-P21 to J20 
F11 K21 

Table I. Table of Preferred Locations of Contact Regions on Bottom of Plate Bottom. Contact regions are 
described as comprising segments roughly aligned with lines on the plate bottom, the endpoints of the lines 
being defined by relationship to the position of the wells of the plate. The notation A1 refers to well A1. The 
notation A1-B2 refers to the region midway betweenwellsA1 and B2. The notationA2-A3 to C2-D3, therefore, 
refers to a line starting midway between wellsA2 and A3 and ending midway between wells C2 and 
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Referring again to FIGS. 11A and 12A, another embodi 
ment of the invention relates to a multi-well plate bottom or 
assay Substrate and/or an assay module containing said plate 
bottom or assay substrate (preferably, a multi-well plate bot 
tom and/or a multi-well plate containing said plate bottom), 
said plate bottom or assay Substrate comprising: 

(a) a substrate divided into a 2x3 array of sectors, the 
Substrate having a top Surface and a bottom Surface, each 
sector having an array of assay regions defined by col 
umns and rows; 

(b) one or more patterned working electrodes on the top 
Surface within each sector, each sector comprising elon 
gated working electrodes being aligned with the array 
columns; 

(c) one or more patterned counter electrodes on the top 
Surface within each sector, each sector comprising elon 
gated counter electrodes being aligned with the array 
columns and being electrically isolated from and located 
between the elongated working electrodes; and 

(d) one or more contacts on the bottom Surface of each 
SectOr. 

Preferably, each assay region defines a surface of a well or 
chamber in the fully assembled assay module. Most prefer 
ably, the array of assay regions corresponds to the configura 
tion of wells in a standard 96-well plate or a standard 384-well 
and the elongated counter electrodes comprise widened elec 
trode areas adjacent and between the assay regions (the nar 
row regions match the resistance of the working electrode 
areas while the widened areas ensure that the surface of the 
counter electrodes are exposed in wells of the plate) and/or 
the elongated counter electrodes are electrically connected 
with an elongated connector perpendicular and adjacent one 
end of each elongated counter electrode within the sector. 
Preferably, each assay region overlaps a portion of at least two 
elongated counter electrodes and a portion of one elongated 
working electrode. 
One embodiment of the invention relates to an assay mod 

ule or assay module element (preferably a multi-well plate or 
multi-well plate bottom) comprising: 

(a) a Substrate having a top surface and a bottom surface; 
(b) a plurality of working electrodes (preferably patterned) 
on the top surface; 

(c) a plurality of counter electrodes (preferably patterned) 
on the top Surface, each of the counter electrodes being 
associated with corresponding working electrodes; and 

(d) two or more independently addressable sectors, each 
sector having two or more independently addressable 
contacts on the bottom surface, each of the contacts 
corresponding to one or more electrodes within assay 
regions or well regions (e.g., the Surface of the Substrate 
which forms part of the well bottom after attaching the 
plate top) within one of the sectors. 

Preferably, the sectors include at least six, preferably at 
least twelvelinear sectors. Preferably each sector comprises a 
row or column of wells. According to a preferred embodi 
ment, the sectors comprise a 1x12 array of equal size linear 
sectors, wherein each sector corresponds to a row of wells. 

Preferably, the substrate further comprises: (i) first conduc 
tive through-holes electrically connecting the working con 
tact surfaces on the bottom surface with the one or more 
corresponding patterned working electrodes on the top Sur 
face and (ii) second conductive through-holes electrically 
connecting the counter contact Surfaces to the one or more 
corresponding patterned counter electrodes on the top Sur 
face. Preferably, the one or more working contacts Surfaces 
comprising one or more circular configurations and the one or 
more counter contact surfaces have an elongated configura 
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tion, said counter contact surfaces, preferably, being common 
to more than one, or more preferably, all of the sectors. 

Another embodiment of the invention, shown in FIG. 10A, 
relates to multi-well plate or multi-well plate bottom com 
prising: 

(a) a Substrate having a top Surface and a bottom surface, 
the plate bottom having an array of regions correspond 
ing to a standard 96-well plate configuration, the array 
comprising rows A, B, C, D, E, F, G, and Hand columns 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12: 

(b) a plurality of working electrodes (preferably patterned) 
on the top Surface; 

(c) a plurality of counter electrodes (preferably patterned) 
on the top surface, each of the counter electrodes being 
associated with corresponding working electrodes; and 

(d) two or more independently addressable sectors, each 
sector having two or more independently addressable 
contacts on the bottom Surface, the contacts correspond 
ing to one or more electrodes within assay regions within 
one of the sectors. 

wherein the contacts include first sector contacts compris 
ing: 
(i) one or more working contacts located within one or 
more working contact regions at A1-B1, C1-D1, 
E1-F1 and G1-H1, the one or more working contacts 
being electrically connected to the one or more cor 
responding, preferably patterned, counter electrodes 
on the top surface; and 

(ii) one or more counter contacts located within one or 
more counter contact regions at B1-C1, D1-E1, and 
F1-G1, the counter contact surfaces being electrically 
connected to the one or more corresponding, prefer 
ably patterned, counter electrodes on the top surface; 

wherein the one or more working contacts and the one or 
more counter contacts are electrically isolated from each 
other. 

Preferably, the electrode surfaces are on the top surface of 
a plate bottom or Substrate and the contacts are on the bottom 
Surface, in which case the plate Substrate advantageously 
further comprises one or more conductive through-holes (for 
example, a hole that is filled or coated with a conducting 
material) electrically connecting the one or more working 
electrode surfaces and the one or more counter electrode 
Surfaces on the top side with the conductive contacts on the 
bottom side. Preferably, the plate substrate comprises two or 
more conductive through-holes, more preferably 6 or more, 
even more preferably 12 or more and most preferred 24 or 
more conductive through-holes. 

Thus, another embodiment of the invention relates to a 
multi-well plate having a plurality of wells comprising a 
Substrate having a top surface and a bottom Surface, the top 
Surface comprising a plurality of electrodes and the bottom 
Surface comprises one or more electrical contacts, wherein 
the substrate further includes one or more conductive 
through-holes electrically connecting the one or more elec 
trical contacts with the electrodes. Preferably, the one or more 
conductive through-holes are located between and/or adja 
cent the wells rather than directly beneath the wells to reduce 
the likelihood of detrimental leakage. 

Preferably, the substrate includes one or more redundant 
conductive through-holes electrically connected to each of 
the working electrode Surfaces and the counter electrode Sur 
faces. That is, the working electrodes and/or counter elec 
trodes are electrically connected to the plate contacts via two 
or more through-holes per electrode. Even though a single 
through-hole may be sufficient to electrically connect an elec 
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trode to an electrical contact, providing redundant through 
holes allows for more uniform distribution of voltage or cur 
rent. 

Another embodiment of the invention relates to a multi 
well plate having a standard 96-well plate configuration, the 
array comprising one or more, preferably two or more, more 
preferably all, of the following sectors: 

a first sector comprising wells A1 through A4, B1 through 
B4, C1 through C4, and D1 though D4; 

a second sector comprising wells A5 through A8, B5 
through B8, C5 through C8, and D5 though D8; 

a third sector comprising wells A9 through A12, B9 
through B12, C9 through C12, and D9 through D12: 

a fourth sector comprising wells E 1 through E4, F1 through 
F4, G1 through G4, and H1 though H4; 

a fifth sector comprising wells E5 through E8, F5 through 
F8, G5 through G8, and H5 though H8; and 

a sixth sector comprising wells E9 through E12, F9 through 
F1, G9 through G12, and H9 though H12; 

the top Surface comprising a plurality of electrodes and 
each sector comprising one or more sector electrodes; 

the bottom Surface comprising one or more independently 
addressable contact sectors on the bottom surface and 
each of the contact sectors corresponding to the sector 
electrodes in a sector of the plate: 

wherein the sectors each further include one or more con 
ductive through-holes electrically connecting the one or 
more contact sectors with the corresponding sector elec 
trodes, each of the one or more conductive through 
holes being located between the wells and/or adjacent 
the wells. 

Preferably, each sector comprises two, more preferably 
three, even more preferably four and most preferred at least 
eight through-holes. Preferably, each sector comprises eight 
through-holes in a 2x4 array. According to one preferred 
embodiment, the through-holes comprise through-hole pairs. 

According to one preferred embodiment, the through 
holes comprise: 

(i) two or more, preferably three or more, more preferably 
all of first sector through-holes comprising fourthrough 
holes along sector edge adjacent A1-A4 and four 
through-holes at C1-D1, C2-D2: C3-D3 and C4-D4: 

(ii) two or more, preferably three or more, more preferably 
all of second sector through-holes comprising four 
through-holes along sector edge adjacent A5-A8 and 
four through-holes at C5-D5; C6-D6; C7-D7 and 
C8-D8: 

(iii) two or more, preferably three or more, more preferably 
all of third sector through-holes comprising four 
through-holes along sector edge adjacent A9-A12 and 
four through-holes at C9-D9; C10-D10; C11-D11 and 
C12-D12: 

(iv) two or more, preferably three or more, more preferably 
all of fourth sector through-holes comprising four 
through-holes along sector edge adjacent H1-H4 and 
four through-holes at E1-F 1: E2-F2: E3-F3 and E4-F4; 

(v) two or more, preferably three or more, more preferably 
all of fifth sector through-holes comprising four 
through-holes along sector edge adjacent H5-H8 and 
four through-holes at E5-F5; E6-F6: E7-F7 and E8-F8; 
and 

(vi) two or more, preferably three or more, more preferably 
all of sixth sector through-holes comprising four 
through-holes along sector edge adjacent H9-H12 and 
four through-holes at E9-F9; E10-F10; E11-F11 and 
E12-F12. 
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Preferably, each of the sector through-holes located within 

the first conductive region of the sectors electrically connects 
one or more contacts on the bottom Surface to one or more 
working electrodes on the top surface and/or each of the 
sector through-holes located within the second conductive 
region of the sectors electrically connects one or more con 
tacts on the bottom Surface to one or more counter electrodes 
on the top surface. 

Yet another embodiment of the invention relates to a multi 
well plate having a standard 384-well plate configuration, the 
array comprising rows Athrough P and columns 1 through 24, 
the array comprising one or more, preferably two or more, 
more preferably four or more and most preferred six of the 
following: 

a first sector comprising wells A1 through A8, B1 through 
B8, C1 through C8, D1 though D8, E1 through E8, F1 
through F8, G1 through G8, and H1 though H8; 

a second sector comprising wells A9 through A16, B9 
through B16, C9 through C16, D9 though D16, E9 
through E16, F9 through F16, G9 through G16, and H9 
though H16; 

a third sector comprising wells A17 through A24, B17 
through B24, C17 through C24, D17 though D24, E17 
through E24, F17 through F24. G17 through G24, and 
H17 though H24; 

a fourth sector comprising wells I1 through I8, J1 through 
J8, K1 through K8, L1 though L8, M1 through M8, N1 
through N8, O1 through O8 and P1 through P8: 

a fifth sector comprising wells I9 through I16, J9 through 
J16, K9 through K16, L9 though L16, M9 through M16, 
N9 through N16, O9 through O16 and P9 through P16: 
and 

a sixth sector comprising wells I17 through I24, J 17 
through J24, K17 through K24, L17 though L24, M17 
through M24, N17 through N24. O17 through O24 and 
P17 through P24; 

a top Surface comprising a plurality of electrodes and each 
sector comprising one or more sector electrodes; and 

a bottom surface comprising one or more independently 
addressable contact sectors on the bottom surface and 
each of the contact sectors corresponding to the sector 
electrodes; 

wherein the sectors each further include one or more con 
ductive through-holes electrically connecting the one or 
more contact sectors with the corresponding sector elec 
trodes, the one or more conductive through-holes being 
located between the wells and/or adjacent to the wells. 

Preferably, each sector comprises at least two, preferably at 
least three, more preferably at least four and even more pref 
erably at least eight through-holes. According to a preferred 
embodiment, each sector comprises sixteen through-holes, 
preferably arranged in a 2x8 array. Preferably, the through 
holes comprise through-hole pairs. 

According to another preferred embodiment, the through 
holes comprise: 

(i) two or more, preferably three or more, more preferably 
all of first sector through-holes comprising fourthrough 
holes along sector edge adjacent A1-A8 and four 
through-holes along G1-H1 through G8-H8; 

(ii) two or more, preferably three or more, more preferably 
all of second sector through-holes comprising four 
through-holes along sector edge adjacent A9-A16 and 
four through-holes along G9-H9 through G16-H16; 

(iii) two or more, preferably three or more, more preferably 
all of third sector through-holes comprising four 
through-holes along sector edge adjacent A17-A24 and 
four through-holes along G17-H17 through G24-H24; 
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(iv) two or more, preferably three or more, more preferably 
all of fourth sector through-holes comprising four 
through-holes along sectoredge adjacent P1-P8 and four 
through-holes along Il-J1 through I8-J8; 

(v) two or more, preferably three or more, more preferably 
all of fifth sector through-holes comprising four 
through-holes along sector edge adjacent P9-P16 and 
four through-holes along I9-J9 through I 16-J16; and 

(vi) two or more, preferably three or more, more preferably 
all of sixth sector through-holes comprising four 
through-holes along sector edge adjacent P-17 through 
P-24 and four through-holes along I17-J17 through I24 
J24.jbib 

5.2 Embodiments of Multi-Well Assay Plates of the Invention 
In the following sections a variety of embodiments of assay 

modules, particularly multi-well assay plates of the invention 
are described. The figures will show plates having specific 
numbers and arrangements of wells, typically the figures 
show 96-well plates having a 12x8 array of wells. The 
description of the structure and the elements of the plates, 
however, are understood to be generic in the sense that they 
can apply or be readily adapted to a variety of assay modules 
including plates having any arbitrary number of wells in any 
arbitrary arrangement (e.g., any of the standard plate formats 
used in high-throughput screening). 
5.2.1 Multi-Layer Electrode Plates 

FIG. 5 shows an example of a multi-well assay plate of the 
invention. Multi-well assay plate 500 comprises a laminar 
structure comprising, in sequence, a first conductive layer 
508, a dielectric layer 506, a second conductive layer 504 and 
a plate top 502. Holes 503 through plate top 502, holes 505 
through second conductive layer 504, and holes 507 through 
dielectric layer 506 (the holes having interior surfaces 509, 
510 and 512, respectively) are aligned so as to form a plurality 
of wells having well bottoms defined by first conductive layer 
508 and well walls defined by the interior surfaces 509, 510 
and 512. The cross-sectional shape of the holes in the plane of 
the laminar structure may be circular, square or any arbitrary 
shape. The interior walls of the holes may be perpendicular to 
the plane of the laminar structure so as to provide cylindrical 
wells or they may be shaped, e.g., to give conical or hemi 
spherical wells. In one embodiment of the invention, the 
diameters of the holes 503, 505 and 507 are the same; in this 
embodiment, only the interior surfaces 510 of second con 
ductive layer 504 are exposed to the volumes of the wells of 
the plate. Alternatively, the diameters of the holes 503 may be 
larger than the diameters of holes 505 and 507 so as to expose 
some of the top surface of conductive layer 504 to the Vol 
umes of the wells of the plate. 

First conductive layer 508 is a material suitable for use as 
a counter electrode or, preferably, a working electrode in an 
ECL assay (see description of ECL electrodes above). In one 
embodiment it is a conductive sheet of material Such as a 
metal sheet or foil (e.g., platinum or gold foil) or a sheet of 
conductive plastic. Preferably, it is a sheet of conductive 
plastic composite comprising carbon particles (e.g., carbon 
fibrils) dispersed in a polymeric matrix. In an alternate 
embodiment, conductive layer 508 is a film of a conductive 
material supported on a substrate. Suitable films include coat 
ings such as conducting inks comprising conducting particles 
dispersed in a matrix (e.g., carbon or metal-based conducting 
inks) or metal or carbon films (e.g., metal or carbon films 
deposited on a substrate via evaporative or CVD processes or 
lamination). Suitable Substrates include plastic sheet, glass 
and ceramic. Electrical contact to first conductive layer 508 
can be made by contacting any exposed conductive surface, 
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preferably, the bottom surface. Electrical contact to the top of 
first conductive layer 508 can be facilitated by extending the 
width and/or length of the layer beyond that of the other 
layers. In the embodiment where first conductive layer 508 
comprises a conductive coating on a non-conductive Sub 
strate, electrical connection may be made to the bottom of the 
plate by incorporating through-holes through the non-con 
ductive substrate. Such through-holes are, preferably, made 
conductive by inserting a conductive material Such as a metal 
wire or by filling with a conductive material Such as a metal 
filled ink so as to provide a high conductivity path from the 
conductive coating to the bottom of the plate. According to 
another embodiment, the holes may be filled with carbon 
filled ink. Typically, conductive layer 508 provides a fluid 
impermeable barrier and acts to contain fluid held within the 
wells. However, a porous conductive layer 508 may be, 
optionally, employed to conduct dot-blot assays and other 
assays that benefit from filtration of samples or reagents 
through the bottom of the plate and/or working electrode. 

Dielectric layer 506 is an electrically insulating material 
and prevents conductive layers 504 and 508 from coming into 
electrical contact. Suitable materials include sheets of non 
conductive plastic, glass or ceramic, preferably comprising 
an adhesive coating on one or both sides so as to provide 
adhesive bonds to conductive layers 504 and/or 508 (e.g., 
single or double sided adhesive tape). In Such dielectric lay 
ers, holes 507 may be formed by a molding process (i.e., 
during fabrication of the layer), by selective etching or, pref 
erably, through a cutting process conducted prior to final 
assembly of the plate, e.g., by die cutting or laser drilling. 
Alternatively, dielectric layer 506 is an electrically insulating 
coating such as a dielectric ink, a polymeric film, a photoresist 
film, and/or a ceramic or glass film (e.g., ceramic or glass 
films deposited by evaporative or CVD processes). Holes 507 
in Such layers may be formed by cutting, by a selective etch 
ing of the coating (e.g., by photolithography or by etching in 
the presence of a physical mask) or by a patterned deposition 
of the coating via a process like Screen printing, laser printing 
or inkjet printing or deposition through a mask. 

Second conductive layer 504 is a material suitable for use 
as a working electrode or, preferably, a counter electrode in an 
ECL assay (see description of ECL electrodes above). 
Optionally, second conductive layer 504 may be omitted 
(e.g., when plate top 502 comprises an electrode material or 
when the apparatus used to analyze the plate is capable of 
Supplying an electrode (e.g., in the form of one or more 
conductive probes). In one embodiment it is a conductive 
sheet of material Such as a metal sheet or foil (e.g., aluminum, 
platinum or gold foil) or a sheet of conductive plastic (e.g., a 
sheet of conductive plastic composite comprising carbon par 
ticles dispersed in a polymeric matrix). In Such conductive 
layers, holes 505 may be formed by a molding process (i.e., 
during fabrication of the layer), by selective etching or, pref 
erably, through a cutting process conducted prior to final 
assembly of the plate, e.g., by die cutting or laser drilling. In 
an alternate embodiment, conductive layer 504 is a film of a 
conductive material supported on a substrate. Suitable films 
include coatings such as conducting inks comprising con 
ducting particles dispersed in a matrix (e.g., carbon or metal 
based conducting inks) or metal films (e.g., metal films such 
as aluminum, gold and platinum deposited on a substrate via 
evaporative or CVD processes). Suitable substrates include 
plastic sheet, glass and ceramic. Holes 505 in such layers may 
beformed by cutting, by selective etching of the coating (e.g., 
by photolithography or by etching in the presence of a physi 
cal mask) or by patterned deposition of the coating via a 
process like Screen printing, laser printing or inkjet printing 
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or deposition through a mask. In a preferred embodiment of 
the invention, dielectric layer 506 and second conducting 
layer 504 are both provided by the layers of a metal-coated 
adhesive tape (i.e., a laminar structure comprising a layer of 
adhesive adjacent to a non-conducting plastic sheet that is 
coated on the opposite side with a metallic film (preferably an 
evaporated film of aluminum). Preferably, holes 505 and 507 
are simultaneously formed in Such a tape by a cutting process 
Such as die cutting or laser drilling prior to assembly of the 
plate. Electrical contact to second conductive layer 504 can be 
made by contacting any exposed conductive surface. Electri 
cal contact to the top or bottom of second conductive layer 
504 can be facilitated by extending the width and/or length of 
the layer beyond that of the plate top. Alternatively, openings 
through the other layers can be incorporated to provide for 
additional exposed surfaces of second conductive layer 504. 
Such openings can be through-holes made conductive by 
inserting a conductive material Such as a metal wire or by 
filling with a conductive material Such as a metal-filled ink so 
as to provide a high conductivity path from second conductive 
layer 504 to the bottom or top of the plate. Optionally, multi 
well assay plate 500 comprises an additional conductive layer 
(not shown) that comprises a material suitable for use as a 
reference electrode. This reference electrode layer should be 
electrically isolated from the other conductive layers, e.g., 
through the use of additional dielectric layers as necessary. 

Plate top 502 is a plate top as described earlier in the 
application. Preferably, it complies with industry standards 
for microplate dimensions and well number so as to be com 
patible with commercially available equipment for storing, 
moving and processing microplates. Plate top 502 is gener 
ally made of a non-conductive plastic. It may be made of a 
conducting material or coated with a conductive material 
(Suitable for acting as a working electrode or, preferably, a 
counter electrode in an ECL assay) in which case, second 
conductive layer 504 may be omitted. Preferably, the bottom 
Surface of plate top 502 comprises an adhesive coating so as 
to provide adhesive bonding to second conductive layer 504. 
In some alternate embodiments, plate top 502 is omitted. 

In use, components 502, 504, 506 and 508 of plate 500 
should be sealed against adjoining layers so as to prevent the 
leakage of fluids contained within the wells of plate 500. 
Sealing may be accomplished by physically holding the com 
ponents together under pressure through the use of fasteners 
and/or clamps. Such fasteners and/or clamps may be inte 
grated into plate 500 and/or they may be comprised in an 
external fixture. Alternatively, sealing may be accomplished 
through the use of adhesive coatings on the Surfaces of the 
components. In some cases, the components may have inher 
ently adhesive properties; for example, evaporated films, 
CVD films, cast polymer films, printed inks, etc. can be 
designed to adhere to the Substrate on which they are depos 
ited. Some of the seals may also be accomplished through a 
welding process such as ultrasonic welding or solvent weld 
ing (i.e., by applying a solvent that softens or partially dis 
solves one or both of the surfaces to be sealed together). The 
layers of the plate are, preferably, aligned so that the exposed 
area of conductive layer 508 is centered in the well and 
surrounded by the exposed area of conductive layer 504. 

In operation, test samples are introduced into wells of plate 
500. A source of electrical energy is connected across first and 
second conducting layers 508 and 504. Application of elec 
trical energy across these connections leads to the application 
of an electrochemical potential across the test samples via the 
exposed surfaces of conducting layers 508 and 504. In the 
case of an ECL assay, it is preferable to apply electrical 
energy so as to generate ECL at or near the Surface of con 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

58 
ductive layer 508 (i.e., conductive layer 508 provides the 
working electrode and conductive layer 504 provides the 
counter electrode) so that light is generated near the center of 
the well. 

In some preferred embodiments, the plates are divided into 
individually addressable sectors of jointly addressable wells. 
Such sectoring may be accomplished by dividing conductive 
layers 504 and/or 508 into a plurality of individually addres 
sable sections. FIG. 6A shows a second conductive layer 600 
analogous to second conductive layer 504 described above 
except that the layer is sectioned into six square sections 
(602A-F) that are electrically isolated from each other. 
Applying a potential to, e.g., section 602A, will result in the 
potential being selectively applied to fluid in the plate sector 
defined by the wells in contact with section 602A. Such 
sectoring allows for the sequential induction and measure 
ment of ECL from each sector in the plate. Some alternate 
sectioning schemes are illustrated in FIG. 6B (conductive 
layer 620 is sectioned into columnar sectors 622A through 
622L) and FIG. 6C (conductive layer 640 is sectioned into 
individual well sectors 644). FIG. 7A shows a first conductive 
layer 700 analogous to first conductive layer 508 described 
above except that the layer is sectioned into six square sec 
tions (702A-F) that are electrically isolated from each other. 
Applying a potential to, e.g., section 702A, will result is the 
potential being selectively applied to fluid in the plate sector 
defined by the wells in contact with section 702A. Some 
alternate sectioning schemes are illustrated in FIG. 7B (con 
ductive layer 720 is sectioned into columnar sectors 722 
along the width of the plate), FIG. 7C (conductive layer 740 
is sectioned into columnar sectors 742 along the length of the 
plate), and FIG. 7D (conductive layer 760 is sectioned into 
individual well sectors 766). In general, to divide plate 500 
into independently addressable sectors, it is only required that 
one of conductive layers 504 and 508 of plate 500 be sec 
tioned since electrical connections must be made to both 
conductive layers in contact with a specific well in order to 
complete an electrochemical circuit. In some embodiments, 
sectioning of both conductive layers 504 and 508 is used to 
maximize the number of individually addressable sectors 
while minimizing the number of electrical contacts. For 
example, a plate formed using first conductive layer 740 (as 
shown in FIG. 7C) with second conductive layer 620 (as 
shown in FIG. 6B) allows for the individual addressing of 96 
wells while requiring only 20 electrical contacts. Sectioning 
of conductive layers 504 and/or 508 of plate 500 may be 
achieved by a variety of methods including cutting processes 
Such as die cutting or drilling, selective etching, Such as by 
photolithography or by etching through a mask, or by selec 
tive deposition. 

5.2.2 Single Electrode Layer Plates 
Sectioning of a conductive layer may be used to provide 

multiple independent electrodes within a given well. FIG. 
16A shows another example of a multi-well assay plate of the 
invention. Multi-well assay plate 1600 is similar in structure 
to multi-well assay plate 500 from FIG. 5 except that it has a 
single conductive layer on a Support, the conductive layer 
being sectioned so as to provide two or more independent 
electrodes (e.g., a counter and a working electrode) in a given 
well. Multi-well assay plate 1600 is a laminar structure com 
prising in sequence a plate top 1602, an adhesive layer 1604, 
a dielectric layer 1606, a conductive layer 1608 and a sub 
strate 1610. Holes 1603 and 1605 through plate top 1602 and 
adhesive layer 1604, respectively, form a plurality of wells 
having well bottoms defined by dielectric layer 1606, con 
ductive layer 1608 and/or substrate 1610. Conductive layer 
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1608 is sectioned into two electrically isolated sections, a 
working electrode section 1620 and a counter electrode sec 
tion 1622. The sectioning is designed so that a fluid in a given 
well is exposed to surfaces of both sections. Element 1612 
shows layers 1606, 1608, and 1610 aligned and stacked, in 
order from top to bottom 1606 (top), 1608 and 1610 (bot 
tom)—so as to form a plate bottom with integrated electrodes. 

Plate top 1602 is a plate top as described earlier in the 
application. Preferably, it complies with industry standards 
for microplate dimensions and well number so as to be Alter 
natively, dielectric 1606 may be a sheet of non-conductive 
plastic, glass or ceramic, preferably comprising an adhesive 
coating on one or both sides So as to provide adhesive bonds 
to adjoining layers. In such dielectric layers, holes 1607 may 
beformed by a molding process (i.e., during fabrication of the 
layer), by selective etching or, preferably, through a cutting 
process conducted prior to final assembly of the plate, e.g., by 
die cutting or laser drilling. 

Conductive layer 1608 comprises materials suitable for use 
as counter electrodes or working electrodes in an ECL assay 
(see description of ECL electrodes above). Working electrode 
section 1620 and counter electrode section 1622 may com 
prise different materials (so as to optimize each for its func 
tion) or they may comprise the same materials (so as to 
simplify their formation, e.g., by printing both sections in one 
screen printing step). Preferably, conductive layer 1608 is a 
coating of a conductive material Supported on a substrate 
1610. Suitable films include coatings such as conducting inks 
that comprise conducting particles dispersed in a matrix (e.g., 
carbon or metal-based conducting inks) or metal films (e.g., 
metal films deposited on a substrate via evaporative or CVD 
processes). Formation of the patterned sections may be 
accomplished by selective patterned deposition of the film 
(e.g., by Screen printing, laser printing, inkjet printing, 
evaporation through a mask, etc.) and/or by selective pat 
terned etching of a contiguous film (e.g., by photolitho 
graphic and chemical etching protocols used in the semicon 
ductor industry). Alternatively, sections 1620 and 1622 are 
sections cut, e.g., by die cutting, from a conductive sheet of 
material Such as a metal sheet or foil (e.g., platinum, gold, 
steel, or aluminum foil) or a sheet of conductive plastic, Such 
as a sheet of conductive plastic composite comprising carbon 
particles (e.g., carbon fibrils) dispersed in a polymeric com 
patible with commercially available equipment for storing, 
moving and processing microplates. Plate top 1602 is gener 
ally made of a non-conductive plastic. Adhesive 1604 is pref 
erably an adhesive coating or adhesive tape Suitable for seal 
ing plate top 1602 to element 1612 and preferably forms fluid 
tight, high resistance seals. Adhesive 1604 is, preferably, a 
double sided adhesive tape. Optionally, adhesive 1604 may be 
omitted. In such case, plate top 1602 may be sealed to element 
1612 via an adhesive coating on plate top 1602 or via other 
sealing techniques such as heat sealing, solvent welding, 
Sonic welding or through the use of applied pressure by 
clamping. In some alternate embodiments, plate top 1602 is 
omitted. 

Dielectric layer 1606 is an electrically insulating material 
and serves to define the regions of conductive layer 1608 that 
contact fluid in a well. In FIG.16A, dielectric 1606 covers all 
of working electrode section 1620 that is exposed to the 
volume of a given well except for a region defined by holes 
1607 in dielectric layer 1606. The boundaries formed by 
holes 1607 define a fluid containment region over working 
electrode 1620 that can be used to confine a small volume of 
fluid in contact with the exposed electrode but not in contact 
with the other exposed surfaces within the well. Such fluid 
containment regions may be used, advantageously, for selec 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

60 
tively immobilizing a reagent on the active area of the work 
ing electrode in a well. Alternatively, dielectric layer 1606 
may be omitted. Preferably, dielectric layer 1606 is an elec 
trically insulating coating Such as a dielectric ink, a polymeric 
film, a photoresist film, and/or a ceramic or glass film (e.g., 
ceramic or glass films deposited by evaporative or CVD pro 
cesses). Holes 1607 in such layers may beformed by selective 
etching of the coating (e.g., by photolithography or by etching 
in the presence of a physical mask) or patterned deposition of 
the coating via a process like screen printing, laser printing or 
inkjet printing or deposition through a mask. Alternatively, 
dielectric 1606 may be a sheet of non-conductive plastic, 
glass or ceramic, preferably comprising an adhesive coating 
on one or both sides so as to provide adhesive bonds to 
adjoining layers. In such dielectric layers, holes 1607 may be 
formed by a molding process (i.e., during fabrication of the 
layer), by selective etching or, preferably, through a cutting 
process conducted prior to final assembly of the plate, e.g., by 
die cutting or laser drilling. 

Conductive layer 1608 comprises materials suitable for use 
as counter electrodes or working electrodes in an ECL assay 
(see description of ECL electrodes above). Working electrode 
section 1620 and counter electrode section 1622 may com 
prise different materials (so as to optimize each for its func 
tion) or they may comprise the same materials (so as to 
simplify their formation, e.g., by printing both sections in one 
screen printing step). Preferably, conductive layer 1608 is a 
coating of a conductive material Supported on a substrate 
1610. Suitable films include coatings such as conducting inks 
that comprise conducting particles dispersed in a matrix (e.g., 
carbon or metal-based conducting inks) or metal films (e.g., 
metal films deposited on a substrate via evaporative or CVD 
processes). Formation of the patterned sections may be 
accomplised by selective patterned deposition of the film 
(e.g., by Screen printing, laser printing, inkjet printing, 
evaporation through a mask, etc.) and/or by selective pat 
terned etching of a contiguous film (e.g., by photolitho 
graphic and chemical etching protocols used in the semicon 
ductor industry). Alternatively, sections 1620 and 1622 are 
sections cut, e.g., by die cutting, from a conductive sheet of 
material Such as a metal sheet or foil (e.g., platinum, gold, 
steel, or aluminum foil) or a sheet of conductive plastic, Such 
as a sheet of conductive plastic composite comprising carbon 
particles (e.g., carbon fibrils) dispersed in a polymeric matrix. 
Optionally, conductive layer 1608 comprises an additional 
section (not shown) that comprises a material Suitable for use 
as a reference electrode. 

Substrate 1610 is a non-conductive material such as plastic 
sheet, glass or ceramic. Electrical contact to electrode sec 
tions 1620 and 1622 may be made to any exposed surface. 
Electrical contact to the top of the electrode sections can be 
facilitated by extending the width and/or length of the sec 
tions (as well as that of substrate 1610) beyond that of plate 
top 1602. Alternatively, electrical connections may be made 
to the bottom of the plate by incorporating through-holes 
through substrate 1610. Such through-holes are, preferably, 
made conductive by inserting a conductive material Such as a 
metal wire or by filling with a conductive material Such as a 
metal-filled ink so as to provide a high conductivity path from 
the electrode sections to the bottom of the plate. 

In use, components 1602, 1606 and 1608 of plate 1600 
should be sealed against adjoining layers so as to prevent the 
leakage of fluids contained within the wells of plate 1600. 
Sealing may be accomplished by physically holding the com 
ponents together under pressure through the use of fasteners 
and/or clamps. Such fasteners and/or clamps may be inte 
grated into plate 1600 and/or they may be comprised in an 
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external fixture. Alternatively, sealing may be accomplished 
through the use of adhesive coatings on the Surfaces of the 
components (see discussion above in Section 5.1). Suitable 
adhesives include acrylic adhesives (3M 200 MP). 

According to one embodiment, polypropylene plate tops 
are used. In order to attach the plate tops to the bottoms, it is 
preferably to use a low surface energy (LSE) adhesive. The 
only difference between the LSE adhesive and a non-LSE 
adhesive is the flow or “wet-out' characteristics. Non-LSE 
adhesives such as 3M200 MP will not stickas well to surfaces 
characterized as having a low Surface energy such as polypro 
pylene. One suitable adhesive for use with polypropylene is a 
modified acrylic such as 3M 300LSE, which is designed 
specifically for low surface energy plastics. 

10 

In some cases, the components may have inherently adhe- 15 
sive properties; for example, evaporated films, CVD films, 
cast polymer films, printed inks, etc. can be designed to 
adhere to the substrate on which they are deposited. Some of 
the seals may also be accomplished through a welding pro 
cess such as Sonic welding or solvent welding (i.e., by apply 
ing a solvent that softens or partially dissolves one or both of 
the Surfaces to be sealed together, contacting the two Surfaces 
and then allowing the Surfaces to re-harden to form a bond). 
The layers of the plate are, preferably, aligned so that the 
exposed area of section 1620 is centered in the well and 
surrounded on two sides by the exposed area of section 1622. 

25 

In operation, test samples are introduced into wells of plate 
1600. A source of electrical energy is connected across work 
ing electrode section 1620 and counter electrode section 
1622. Application of electrical energy across these connec 
tions leads to the application of an electrochemical potential 
across the test samples via the exposed surfaces of working 
electrode section 1620 and counter electrode section 1622. 

30 

In some preferred embodiments, the plates are divided into 
individually addressable sectors of jointly addressable wells. 
Such sectoring may be accomplished by further dividing 
working electrode section 1620 and/or counter electrode sec 
tion 1622 into a plurality of individually addressable sections. 
FIG. 16B shows a conductive layer 1640 having a working 
electrode section 1642 and counter electrode section 1644. 
Conductive layer 1640 is analogous to conductive layer 1608 
described above except that working electrode section 1642 is 
further divided into 12 subsections (1642A-L) that are elec 
trically isolated from each other. Applying a potential to, e.g., 
subsection 1642A, will result in the potential being selec 
tively applied to fluid in the plate sector defined by the wells 
in contact with Subsection 1642A. An alternate sectioning 
scheme is illustrated in FIG. 16C (sectioning of working 
electrode section 1662 and counter electrode section 1664 of 
conductive layer 1660 into six square sectors). In general, to 
divide plate 1600 into independently addressable sectors, it is 
only required that one of working electrode section 1620 and 
counter electrode section 1622 be further sectioned since 
electrical connections must be made to both conductive layers 
in contact with a specific well in order to complete an elec 
trochemical circuit. In some embodiments, the patterning of 
the sections is simplified by Subsectioning both working elec 
trode section 1620 and counter electrode section 1622. 
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5.2.3 Specific Embodiments of Multi-Layer Electrode Plates 60 
Another aspect of the invention relates to assay plates, 

preferably multi-well plates, wherein one or more electrode 
Surfaces are formed using conductive foils or conductive 
films or layers which are adjoined to form the assay plate. 65 
One embodiment of the invention relates to a multi-well 

assay plate for conducting assays comprising: 

62 
(a) a first electrically conductive layer, preferably parti 

tioned into two or more electrically isolated sectors; 
(b) an insulating layer having a plurality of insulating layer 

openings: 
(c) a second electrically conductive layer on the insulating 

layer, the second electrically conductive layer having a 
plurality of second electrically conductive layer open 
ings, the second layer preferably being partitioned into 
two or more electrically isolated sectors; and 

(d) a plate top having a plurality of plate top openings; 
wherein the insulating layer is between the first electrically 

conductive layer and the plate top and wherein the insu 
lating layer openings, the second electrically conductive 
layer openings and the plate top openings are aligned 
forming a plurality of wells. 

According to another embodiment, the first conductive 
layer comprises a Substrate comprising partitioned electri 
cally conductive surfaces. Preferably, the layer is “parti 
tioned to correspond or align with a plate sector. 

According to another embodiment, the first conductive 
layer comprises a Substrate comprising an electrically con 
ductive Surface and the second layer comprises a partitioned 
conductive film on the insulating layer having a plurality of 
conductive film openings. 

Preferably, the first conductive layer comprises a fibril 
composite with a bottom coated with or painted with a con 
ductive metal, preferably silver. 
A still further embodiment relates to a multi-well plate for 

conducting assays (preferably electrode induced lumines 
cence, more preferably electrochemiluminescence assays) 
comprising: 

(a) an electrically conductive layer; 
(b) an insulating layer having a plurality of insulating layer 

openings: 
(c) a conductive film on the insulating layer having a plu 

rality of conductive film openings, the conductive film 
being partitioned into two or more electrically isolated 
sectors; and 

(d) a plate top having a plurality of plate top openings; 
wherein the insulating layer is between the electrically con 
ductive layer and plate top and the insulating layer openings 
and the plate top openings are aligned forming wells for 
conducting the assays. 

Another aspect relates to a multi-well plate for conducting 
assays (preferably electrode induced luminescence, more 
preferably electrochemiluminescence assays) comprising: 

(a) an electrically conductive layer partitioned into two or 
more electrically isolated sectors; 

(b) an insulating layer having a plurality of insulating layer 
openings: 

(c) a conductive film on the insulating layer having a plu 
rality of conductive film openings, the conductive film 
being partitioned into two or more electrically isolated 
sectors; and 

(d) a plate top having a plurality of plate top openings; 
wherein the insulating layer is between the electrically 

conductive layer and plate top and the insulating layer 
openings and the plate top openings are aligned forming 
wells for conducting the assays. 

FIG.8B shows an exploded view of multi-well assay plate 
830, an embodiment of plate 500 (shown in FIG. 5) that 
comprises additional adaptations allowing for convenient 
electrical connections to the conductive layers of the plate. 
FIG. 8C shows a stylized cross-sectional view of two wells 
842A and 842B of plate 830. Plate 830 comprises a laminar 
structure comprising, in sequence, plate top 832, adhesive 



US 7,842,246 B2 
63 

layer 844, conductive tape layer 852B, conductive layer 858, 
and conductive tape layer 852A. Conductive tape layers 852A 
and 852B are provided by folding conductive tape 848 around 
conductive layer 858 at fold 854. Holes 834, 846, and 856 
through plate top 832, adhesive layer 844, and conductive 
tape layer 852B, respectively, are aligned so as to form a 
plurality of wells having well bottoms defined by conductive 
layer 858. A plurality of holes 850 through conductive tape 
layer 852A allow for electrical contact to conductive layer 
858 from the bottom of plate 830. After folding of conductive 
tape 848, holes 850 are, preferably, aligned with regions 
between the wells of plate 830. For example, FIG. 8C shows 
a cross-sectional view of two wells (842A and 842B) of plate 
830. Hole 853 through conductive tape layer 852A exposes 
the bottom surface of conductive layer 858 to provide elec 
trical contact 872. Contact 872 is located on the region of 
conductive layer 858 between wells 842A and 842B: this 
arrangement allows an electrical connection to be made to 
contact 872 without distorting or disturbing the surface of 
conductive layer 858 exposed to wells 842A or 842B. 

Plate top 830 is a plate top analogous to plate top 502 in 
FIG. 5. Adhesive layer 844 is an adhesive suitable for forming 
a fluid-tight seal between plate top 502 and conductive tape 
layer 852B. Adhesive layer 844 may be an adhesive coating 
applied, e.g., by spray coating, onto plate top 502 or conduc 
tive tape layer 852B. In a preferred embodiment, adhesive 
layer 844 is a double sided adhesive tape (i.e. a plastic film 
coated on both sides with adhesive). Holes 846 are preferably 
formed by a cutting process Such as laser drilling or die 
cutting. Conductive tape 848 is preferably a laminar structure 
comprising conductive film 864, dielectric film 866 and adhe 
sive film 868. Conductive film 864 is a material suitable for 
use as a working electrode or, preferably, a counter electrode 
in an ECL assay (see for example the description of the 
analogous second conductive layer 504 in FIG. 5). Option 
ally, conductive film 864 may be omitted (e.g., when plate top 
832 comprises an electrode material or when the apparatus 
used to analyze the plate is capable of Supplying an electrode 
(e.g., in the form of one or more conductive probes). Conduc 
tive film 864 is preferably of sufficient conductivity so that, 
during use of the plate in an assay, a potential applied to 
conductive film 864 in conductive tape layer 852A will be 
evenly distributed over the surface of conductive film 864 in 
conductive tape layer 852B. Dielectric film 866 is an electri 
cally insulating film Suitable for preventing electrical contact 
between conductive film 864 and conductive layer 858. Adhe 
sive film 868 is an adhesive suitable for forming a fluid-tight 
seal between dielectric film 866 and conductive layer 858. 
Optionally, adhesive film 868 provides for electrical isolation 
of conductive film 864 and conductive layer 858; dielectric 
film 866 may then be omitted. In one embodiment, conduc 
tive tape 848 is an electrically insulating plastic film coated on 
one side with an adhesive coating and on the other side with 
a conductive coating Such as an evaporated metal film, pref 
erably composed of aluminum. Holes 850 and 856 are pref 
erably formed by a cutting process such as laser drilling or die 
cutting. 

Conductive layer 858 is a material suitable for use as a 
counter electrode, or preferably a working electrode in an 
electrode induced luminescence assay (see for example the 
description of the analogous first conductive layers 508 in 
FIG. 5 and 700, 720, 740 and 760 in FIG. 7). Preferably, 
conductive layer 858 is a composite comprising carbon par 
ticles, most preferably carbon fibrils, distributed in a poly 
meric matrix. It is preferably sectioned into 12 electrically 
isolated columnar sections corresponding to a column of 
wells in plate 830. Holes 850 in conductive tape layer 852A 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

64 
expose the bottom surface of conducting layer 858. It is 
desirable that a potential applied to the bottom of conductive 
layer 858 leads to an even distribution of potential over the 
regions of the top surface of conductive layer 858 that form 
the bottom of the wells in plate 830. Such even distribution of 
potential may be achieved by providing multiple evenly-dis 
tributed sites for making electrical connection to conductive 
layer 858. For example, holes 850 are arranged are arranged 
in a 4x12 array so as to expose the bottom of conductive layer 
858 in the regions centered between the first and second 
wells, the third and fourth wells, the fifth and sixth wells, and 
the seventh and eighth wells of the columns of wells of plate 
830. Even distribution of potential is also aided by the con 
ductivity of conductive layer 858. When a material of only 
moderate conductivity is used, e.g., a composite of carbon 
particles distributed in a matrix, it is advantageous that con 
ductive layer 858 comprise a highly conductive coating on the 
bottom of the layer so as to better distribute potential across 
the surface of the layer. Preferred highly conductive coatings 
include metal films (e.g., evaporated, electro-deposited or 
electroless-deposited films) and metal-containing paints 
(e.g., silver paint). Suitable silver paints include materials 
available from E.I. duPont de Nemours and Co. (e.g., Dupont 
5000, 5007, 5008, 5021, 5025, 5028, 5031, and 5089), 
Acheson Colloids Co. (e.g., Acheson PD-020, 479SS,478SS, 
725A, PF-007, EL-010, 820C, and Electrodag 506SS), and 
Conductive Compounds Inc. (e.g., AG-410 and AG-500). 

In operation, test samples are introduced into wells of plate 
830. A source of electrical energy is connected to conducting 
film 864 and one or more sections of conductive layer 858. 
Preferably, the connection to conducting film 864 is made by 
contacting conductive tape layer 852A on the bottom of the 
plate. Preferably, the connection to the one or more sections 
of conductive layer 858 is made by contacting the bottom of 
conductive layer 858 via holes 850 in conductive tape layer 
852A. Application of electrical energy across these connec 
tions leads to the application of an electrochemical potential 
across the test samples via the exposed Surfaces of conducting 
film 864 and conductive layer 858 (the application of electro 
chemical potential being confined to wells in sectors contact 
ing the one or more sections of conductive layer 858). In the 
case of an ECL assay, it is preferable to apply electrical 
energy so as to generate ECL at or near the Surface of con 
ductive layer 858 (i.e., conductive layer 858 provides the 
working electrode) so that light is generated near the center of 
the well. 

FIG. 8B shows a multi-well assay plate with an 8x12 array 
of wells divided into columnar sectors via sectioning of con 
ductive layer 858. It should be readily apparent that the design 
is readily adaptable to plates having different numbers of 
wells, different arrangements of wells or different arrange 
ments of sectors (e.g., see discussion of 1536 plate below). 
FIG. 8A shows an alternative sectoring scheme. Multi-well 
assay plate 800 comprises a laminar structure comprising, in 
sequence, plate top 804, adhesive layer 806, conductive tape 
810 providing conductive tape layer 814B, and conductive 
layer 820. Conductive tape 810 is folded at fold 818 to pro 
vide conductive tape layer 814A adjacent to conductive layer 
820 (and on the opposite side of conductive layer 820 from 
conductive tape layer 814B). The components of plate 800 are 
analogous to those described for plate 830 except: i) conduc 
tive layer 820 is sectioned into six square sections (corre 
sponding in a 96-well plate to six sectors each having a 4x4 
array of wells) and ii) the arrangement of holes 812 through 
conductive tape layer 814A is optimized for this arrangement 
of sectors. Holes 812 are arranged in a 4x6 array with each 
hole centered between the first and second well and between 
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the third and fourth well in each major diagonal defined by 
each 4x4 sector of wells. Plates analogous to plates 800 but 
having different number of wells, e.g., 384, 1536, or 9600 
wells can be made by Substituting the desired arrangement of 
holes, preferably using an industrial standard, in plate top 
802, adhesive layer 806 and conductive plate layer 814B. 

Yet another embodiment of the invention relates to a 1536 
well plate wherein the counter electrode (e.g., see, counter 
electrode conductive tape 810 of FIG. 8A) wraps around 
working electrode(s) (e.g., see, working electrode conductive 
layer 820 of FIG.8A) with access holes for working electrode 
contacts to pass through the counter electrode wrap and make 
contact with working electrodes (or contacts for the working 
electrodes). Preferably, four working electrode contacts con 
tact the plate bottom (through the holes in the counter elec 
trode wrap) and are arranged in a square to evenly distribute 
current across the working electrode area (e.g., see sectored 
working electrode surfaces 820 in FIG. 8A). Preferably, two 
counter electrode contacts make contact with the counter 
electrode sheet so as to provide redundancy and protection 
from a single dirty contact region or connector. 

Yet another embodiment relates to a multi-well plate 
formed by stacking the conductive and dielectric layers and 
then drilling holes through the multi-layer composite thereby 
forming wells, preferably wells having walls comprising 
counterelectrode and/or working electrode surfaces. For 
example, referring to FIG. 5, a multi-well plate (preferably a 
1536 or higher well plate) is formed using a first conductive 
layer 508, a dielectric layer 506, a second conductive layer 
504 and a plate top 502, wherein one or more of the layer do 
not have holes (e.g., holes 502, 505 and/or 507). After the 
layers are bonded together, holes 502,505 and/or 507 may be 
formed by drilling holes through the respective layers with a 
laser or the like thereby forming a multi-well plate where each 
well comprises a working electrode Surface (e.g., exposed 
first conductive layer 508 forming the well bottom) and a 
counterelectrode Surface (e.g., exposed second conductive 
layer forming part of the well wall). 
5.2.4 Specific Embodiments of Plates Having Conductive 
Plate Tops 

Another aspect of the invention relates to multi-well plates 
having a plate top coating with a conductive Surface (e.g., a 
painted plate top). The painted plate top can then be affixed to 
a Substrate having a working electrode surface whereby the 
conductive surfaces of the plate top may advantageously pro 
vide a counter electrode surface. 
One embodiment relates to a multi-well plate comprising: 
(a) an electrically conductive layer; 
(b) an insulating layer having a plurality of insulating layer 

openings; and 
(c) a plate top comprising an electrically conductive Sur 

face, the plate top having a plurality of plate top open 
ings; 

wherein the insulating layer is between the electrically 
conductive layer and the plate top and the insulating 
layer openings and the plate top openings are aligned 
forming wells for conducting assays. 

Another embodiment relates to multi-well plate compris 
1ng: 

(a) a Substrate surface having a plurality of electrodes pat 
terned thereon; 

(b) an insulating layer having a plurality of insulating layer 
openings; and 

(c) a plate top comprising an electrically conductive Sur 
face, the plate top having a plurality of plate top open 
1ngS. 
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wherein the insulating layer is between the substrate sur 

face and the plate top and the insulating layer openings 
and the plate top openings are aligned forming plate 
openings over one or more of the plurality of electrodes 
thereby forming wells. 

A still further embodiment relates to a multi-well plate 
comprising: 

(a) an electrically conductive layer partitioned into two or 
more electrically isolated sectors; 

(b) an insulating layer having a plurality of insulating layer 
openings; and 

(c) a plate top comprising an electrically conductive Sur 
face, the plate top having a plurality of plate top open 
ings; 

wherein the insulating layer is between the electrically 
conductive layer and the plate top and the insulating 
layer openings and the plate top openings are aligned 
forming wells. 

Yet another embodiment relates to a multi-well plate com 
prising: 

(a) an electrically conductive layer, 
(b) an insulating layer having a plurality of insulating layer 

openings; and 
(c) a plate top comprising an electrically conductive Sur 

face partitioned into two or more electrically isolated 
sectors, the plate top having a plurality of plate top 
openings: 

wherein the insulating layer is between the electrically 
conductive layer and the plate top and the insulating 
layer openings and the plate top openings are aligned 
forming wells. 

In certain embodiments of plate 800 (or 830) (FIGS. 8A 
and 8B), conductive tape 810 (or 848) may be omitted. In 
these embodiments, plate top 802 (or 832) comprises a con 
ductive material suitable for use as a working electrode or, 
preferably, a counter electrode in an ECL assay. Plate top 802 
(or 848) may be made of a conducting material Such as metal 
or a carbon-containing plastic composite. Alternatively, con 
ductivity is achieved via a conductive coating such as a metal 
film (e.g., an evaporated, electrodeposited or electroless 
deposited metal film) or a metal-containing paint Such as a 
silver paint. Sectoring of the plates into individually 
addressed sectors of jointly addressable wells can beachieved 
by sectioning conductive layer 820 (or 858) and/or plate top 
802 (or 832) into electrically isolated sections. The plate top 
may be sectioned by division into individual pieces or by 
patterning of a conductive coating on a contiguous piece. 

In operation, test samples are introduced into wells of plate 
800 (or 830). A source of electrical energy is connected to 
plate top 802 (or 832) and one or more sections of conductive 
layer 820 (or 858). Preferably, the connection to plate top 802 
(or 832) is made by contacting the side of the plate. Prefer 
ably, the connections to the one or more sections of conduc 
tive layer 820 (or 858) are made by contacting the bottom of 
the plate. Application of electrical energy across these con 
nections leads to the application of an electrochemical poten 
tial across the test samples via the exposed surfaces of plate 
top 802 (or 832) and conductive layer 820 (or 858) (the 
application of electrochemical potential being confined to 
wells in sectors contacting the one or more sections of con 
ductive layer 820 or 858). In the case of an ECL assay, it is 
preferable to apply electrical energy so as to generate ECL at 
or near the surface of conductive layer 820 or 858 (i.e., con 
ductive layer 820 or 858 provides the working electrode) so 
that light is generated near the center of the well. 
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5.2.5 Multi-Layer Electrode Plates Having Conductive 
Through-Holes 
FIG.9A shows an exploded view of multi-well assay plate 

930, an embodiment of multi-well assay plate 500 from FIG. 
5 that comprises additional adaptations allowing for conve 
nient electrical connections to the conductive layers of the 
plate. FIG.9B shows a stylized cross-sectional view of three 
wells 942A, 942B and 942C of the same plate. Plate 930 
comprises a laminar structure comprising, in sequence, plate 
top 932, adhesive layer 944, second conductive layer 948, 
dielectric layer 950, first conductive layer 958, substrate layer 
959 and contact layer 960. Holes 934, 946, 949 and 956 
through plate top 932, adhesive layer 944, second conductive 
layer 948 and dielectric layer 950, respectively, are aligned so 
as to form a plurality of wells having well bottoms defined by 
first conductive layer 958. Conductive through-holes 962 
through substrate 959 provide a conductive path between first 
conductive layer 958 and the portion of contact layer 960 that 
define electrical contacts 963 (963A being, preferably, work 
ing contacts and 963B being, preferably, counter contacts). 
Conductive through-holes 964 and 966 through substrate 959 
and dielectric layer 950, respectively, provide a conductive 
path between second conductive layer 948 and the portion of 
contact layer 960 that define electrical contacts 965. Electri 
cal connection to conductive layers 948 and 958 can, there 
fore be made from the bottom of the plate by contacting 
electrical contacts 965 and 963, respectively. Element 970 
(FIG.9A) shows layers 960,959, 958,950 and 948 aligned 
and stacked, in order from top to bottom 948 (top), 950, 
958, 959, and 960 (bottom) so as to form a plate bottom 
with integrated electrodes. 

Plate top 932 is a plate top analogous to plate top 502 in 
FIG. 5. Adhesive layer 944 is an adhesive suitable for forming 
a fluid-tight seal betweenplate top932 and second conductive 
layer 948. Adhesive layer 944 may be an adhesive coating 
applied, e.g., by spray coating, onto plate top 932 or second 
conductive layer 948. In a preferred embodiment, adhesive 
layer 944 is a double sided adhesive tape (i.e., a plastic film 
coated on both sides with adhesive). Holes 946 are preferably 
formed by a cutting process Such as laser drilling or die 
cutting. Optionally, adhesive 944 may be omitted (when sec 
ond conductive layer 948 or plate top 932 have adhesive 
properties or when sealing is accomplished without the use of 
adhesives, e.g., by clamping, heat sealing, Sonic Welding. 
solvent welding, etc.). Alternatively, both plate top 932 and 
adhesive 944 may be omitted. Second conductive layer 948 is 
a material suitable for use as a working electrode, or prefer 
ably a counter electrode in an ECL assay (see for example the 
description of the analogous second conductive layer 504 in 
FIG. 5). Preferably, it is a conductive coating such as a carbon 
ink and may be formed by a printing process Such as inkjet 
printing, laser printing, or, most preferably, screen printing. 
Second conductive layer 948 is preferably of sufficient con 
ductivity so that, during use of the plate in an assay, an 
electrical potential applied to second conductive layer 948 
will be evenly distributed over its surface. To attain suitably 
high conductivity with a moderately conductive electrode 
material Such as a carbon ink, it may be advantageous that 
second conductive layer 948 comprise two layers: i) a highly 
conductive underlayer Such as a silver paint and ii) an elec 
trode material overlayer such as carbon ink. When forming 
Such layers, e.g., by a two step printing process, it is beneficial 
that the overlayer be thick enough and of suitable dimensions 
to ensure that a sample in wells 932 is not exposed to the 
underlayer material. Dielectric layer 956 is an electrically 
insulating film Suitable for preventing electrical contact 
between conductive layers 948 and 958. Preferably, dielectric 
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layer 956 is comprises dielectric ink and is formed by a 
printing process such as screen printing and, optionally, UV 
curing. 

First conductive layer 958 is a material suitable for use as 
a counter electrode, or preferably a working electrode in an 
ECL assay (see for example the description of the analogous 
first conductive layers 508 in FIG. 5 and 700, 720, 740 and 
760 in FIG. 7). Preferably, first conductive layer 958 com 
prises a conductive coating such as a carbon ink and may 
optionally comprise a highly conductive underlayer, Such as 
silver ink, to better distribute electrical potential across the 
layer during the course of an assay. Such one or two layer 
coatings may be formed by printing processes such as Screen 
printing and are preferably designed so as to ensure that 
samples in wells 932 do not contact the underlayer. First 
conductive layer 958 is sectioned into 12 electrically isolated 
columnar sections corresponding to a column of wells in plate 
930; such sectioning may be achieved via patterned printing, 
e.g., by screen printing. Substrate 959 is a non-conducting 
material Such as a non-conducting plastic sheet. Through 
holes 962 and 964 in substrate 959 are, preferably, made by a 
cutting process Such as die cutting or laser drilling. Through 
holes 962 are filled with a conductive material to provide an 
electrical connection between electrical contacts 963 and first 
conductive layer 958. Through-holes 964 and 966 are filled 
with conductive material to provide an electrical connection 
between contacts 965 and second conductive layer 948 (holes 
964 and 966 are located in the regions between the sections of 
first conductive layer 958 so as to ensure that that they are 
electrically isolated from first conductive layer 958). 
Through-holes 962, 964 and 966 are preferably filled with 
conductive material during the formation of conductive lay 
ers 960,958 and/or 948, e.g., during the screen printing of a 
conductive ink on a Substrate, excess ink is forced into holes 
in the substrate so as to fill the holes with the conductive ink. 
Contact layer 965 is a conductive material such as a conduc 
tive ink. Preferably it is a screen printed silver paint with a 
screen printed carbon ink overlayer to prevent corrosion of 
the silver. We have also found that the presence of exposed 
silver appears to negatively influence the plasma treatment of 
surfaces (even on the opposite side of the plate); therefore, 
when plasma treatment is used to modify a surface of the 
assay plate it is particularly advantageous that there be no 
exposed silver. 

In operation, test samples are introduced into wells of plate 
930. A source of electrical energy is connected to second 
conducting layer 948 and one or more sections of conductive 
layer 958 (via electrical contacts 965 and one or more of 
electrical contacts 963, respectively). Application of electri 
cal energy across these connections leads to the application of 
an electrochemical potential across the test samples via the 
exposed surfaces of conducting layers 948 and 958 (the appli 
cation of electrochemical potential being confined to wells in 
sectors contacting the one or more sections of conductive 
layer 958). In the case of an ECL assay, it is preferable to 
apply electrical energy so as to generate ECL at or near the 
surface of conductive layer 958 (i.e., conductive layer 958 
provides the working electrode) so that light is generated near 
the center of the well. 

5.2.6 Single-Layer Electrode Plates Having Conductive 
Through-Holes 

Another aspect of the invention relates to multi-well plates 
having one or more printed electrodes. Thus, one embodi 
ment of the invention relates to a multi-well plate comprising: 
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(a) a Substrate Surface; 
(b) one or more working electrodes on the Substrate Sur 

face; 
(c) one or more counter electrodes on the Substrate surface; 
and 

(d) a plate top having plate top openings; 
wherein the plate top openings are positioned on the Sub 

strate Surface so as to form a plurality of wells having at 
least one working electrode and at least one counter 
electrode. 

Preferably, the electrodes are printed, most preferably 
screen printed, onto substrate. Preferably, the electrodes com 
prise carbon ink. 

Another embodiment relates to a multi-well plate having a 
plurality of wells comprising a first electrode surface formed 
by applying two or more conductive layers comprising car 
bon. 

Preferably, three or more layers of carbon are formed. 
Preferably, a patterned working electrode surface is formed 
by applying a first layer of carbon and a second layer of 
carbon, wherein the area of one layer of carbon is greater than 
the area of the other layer of carbon. 

Preferably, the wells comprise a working electrode surface 
formed by applying one or more layers of carbon onto a 
conductive layer comprising silver. Preferably, the one or 
more layers of carbon completely cover the conductive layer. 

FIGS. 10A and 10B show another embodiment of the 
multi-well assay plate of the invention. Multi-well assay plate 
1000, is similar to multi-well assay plate 1600 from FIG.16A 
but comprises additional adaptations allowing for convenient 
electrical connections to the conductive layers of the plate. 
Multi-well assay plate 1000 is a laminar structure comprising, 
in sequence, a plate top 1020, an adhesive layer 1030, a 
dielectric layer 1040, a conductive layer 1050, a substrate 
layer 1060 and a contact layer 1070. Holes 1022 and 1032 
through plate top 1020 and adhesive layer 1030, respectively, 
are aligned so as to form a plurality of wells 1002 having well 
bottoms defined by dielectric layer 1040, conductive layer 
1050 and/or substrate layer 1060 and well walls defined by 
the interior surfaces of holes 1022 and 1032. Through-holes 
1062 and 1064 through substrate layer 1060 provide an elec 
trical path between elements of conductive layer 1050 and 
elements of contact layer 1070. Element 1080 shows layers 
1070, 1060, 1050 and 1040 aligned and stacked, in order from 
top to bottom–1040 (top), 1050, 1060, and 1070 (bottom)— 
So as to form a plate bottom with integrated electrodes. 

Plate top 1020 is a plate top analogous to plate top 502 in 
FIG. 5. Adhesive layer 1030 is an adhesive suitable for form 
ing a fluid-tight seal between plate top 1020 and dielectric 
layer 1040, conductive layer 1050 and/or substrate layer 
1060. Adhesive layer 1030 may be an adhesive coating 
applied, e.g., by spray coating, onto plate top 1020. In a 
preferred embodiment, adhesive layer 1030 is a double sided 
adhesive tape (i.e., a plastic film coated on both sides with 
adhesive). Holes 1032 are preferably formed by a cutting 
process Such as laser drilling or die cutting. Optionally, adhe 
sive 1030 may be omitted (e.g., when the adjoining layers 
have adhesive properties or when sealing is accomplished 
without the use of adhesives, e.g., by clamping, heat sealing, 
Sonic welding, Solvent welding, etc.). Alternatively, both 
plate top 1020 and adhesive layer 1030 may be omitted. 

Conductive layer 1050 comprises materials suitable for use 
as working electrodes and/or counter electrodes in an ECL 
assay and is Supported on Substrate 1060, a non-conductive 
substrate such as a plastic sheet or film. Preferably, conduc 
tive layer 1050 is a conductive coating such as a carbon ink 
and may be formed by a printing process Such as Screen 
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printing. Conductive layer 1050 is sectioned, e.g., by screen 
printing in a defined pattern, into 12 electrically isolated 
working electrode sections 1052 and 13 electrically con 
nected counter electrode sections 1054. As shown in the fig 
ure, the sectioning is designed so that fluid in a given well will 
be in contact with at least one working electrode section and 
at least one counter electrode section. The working electrode 
sections may have a different composition than the counter 
electrode sections So as to optimize the performance of the 
electrodes or they may comprise the same materials so as to 
minimize the complexity of manufacturing, e.g., to reduce the 
number of printing steps. Preferably, they both comprise a 
carbon ink overlayer over a silver ink underlayer; the carbon 
ink providing the active electrode surface and the silver ink 
providing sufficient conductivity so that, during use of the 
plate in an assay, electrical potential is evenly distributed 
throughout a particular section. When forming Such layers, 
e.g., by a two step printing process, it is beneficial that the 
overlayer be of slightly larger dimensions than the underlayer 
and that it be of suitable thickness to ensure that a sample in 
wells 1002 is not exposed to the underlayer material. It may 
be beneficial to print or deposit the overlayer in multiple 
layers so as to ensure that the underlayer is completely cov 
ered so that the underlayer does not interfere with subsequent 
processing steps or with ECL measurements (e.g., a preferred 
electrode material comprises three layers of carbon ink over a 
layer of silver ink, the layers most preferably being deposited 
by screen printing). Dielectric layer 1040 is an electrically 
insulating film, preferably formed from a dielectric ink by a 
printing process such as screen printing. Dielectric layer 1040 
is patterned so as to define the Surfaces of conductive layer 
1050 that contact fluids in wells 1002 (i.e., the surfaces that 
are not covered). Holes 1042 in dielectric layer 1040 define 
fluid containment regions on the working electrode sections 
1052 of conductive layer 1050. In such fluid containment 
regions, the dielectric layer acts as a barrier that can be used 
to confine small volumes offluids over the working electrode. 
Optionally, dielectric layer 1040 may be omitted. 

Contact layer 1070 is a conductive layer that allows for 
electrical connection of the multi-well assay plate to an exter 
nal source of electrical energy. The contact layer is sectioned 
in a series of working electrode contacts 1072 and counter 
electrode contacts 1074 to allow independent connection to 
specific sections of electrodes 1052 and 1054. The contact 
layers are, preferably, formed by printing, most preferably 
screen printing, a silver ink under layer (to provide high 
conductivity) followed by a carbon ink overlayer (to prevent 
corrosion of the silver ink and prevent any deleterious effects 
by the exposed silver on a Subsequent plasma processing 
step). Holes 1062 and 1064 in substrate 1060 are, preferably, 
made by a cutting process Such as die cutting or laser drilling. 
Holes 1062 are filled with a conductive material to provide an 
electrical connection between working electrode contacts 
1072 and working electrode sections 1052. Holes 1064 are 
filled with conductive material to provide an electrical con 
nection between counter electrode contacts 1074 and counter 
electrode sections 1054. Holes 1062 and 1064 are preferably 
filled with conductive material during the formation of con 
ductive layer 1050 or contact layer 1070, e.g., during the 
printing of a conductive ink on a Substrate, excess ink is 
forced into holes in the substrate so as to fill the holes with the 
conductive ink. 

In operation, test samples are introduced into wells of plate 
1000. A source of electrical energy is connected across one or 
more working electrode sections 1052 and one or more 
counter electrode sections 1054 (via one or more of working 
electrode contacts 1072 and one or more of counter electrode 
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contacts 1074, respectively). Application of electrical energy 
across these connections leads to the application of an elec 
trochemical potential across the test samples via the exposed 
surfaces of electrode sections 1052 and 1054 (the application 
of electrochemical potential being confined to wells in sectors 
contacting working electrode and counter electrode sections 
that are in electrical connection to the source of electrical 
energy). 

Plate 1000 as shown in FIGS. 10A and 10B is a 96-well 
plate divided into 12 independently addressable sectors of 8 
wells (i.e. 12 columns of 8 wells). The structure shown in 
FIGS. 10A and 10B is readily modified so as to be applicable 
to plates having different numbers of wells, different arrange 
ments of wells and/or different arrangements of indepen 
dently addressable sectors. 

FIGS. 11A and 12A show two alternative embodiments. 
FIG. 11A shows a multi-well assay plate 1100 that is analo 
gous in structure and function to plate 1000 except that the 
components are configured so as to divide the plate into six 
independently addressable square sectors each having a 4x4 
array of wells. Element 1180 shows layers 1140, 1150, 1160 
and 1170 aligned and stacked, in order from top to bottom, 
1140 (top), 1150,1160 and 1170 (bottom). FIG. 12A shows a 
multi-well assay plate 1200 that is analogous in structure and 
function to plate 1100 except that the components are con 
figured so as to provide 384 wells in a 24x16 array. Element 
1280 shows layers 1240, 1250, 1260 and 1270 aligned and 
stacked, in order from top to bottom, 1240 (top), 1250, 1260 
and 1270 (bottom). 
The electrode patterns illustrated in details C of FIGS. 11A 

and 12A (i.e., the patterns used for conductive layers 1150 
and 1250, respectively) illustrate some useful concepts in the 
design of suitable electrode patterns. In general, the electrode 
material should be of sufficient conductivity that potential 
drops along the surface of the electrodes are small relative to 
the potential drops between opposing electrodes. By proper 
electrode design it is possible, although not required, to make 
additional compensations for these Small potential drops 
along the surface of the electrode. FIG. 12A shows the divi 
sion of conductive layer 1250 into i) electrodes 1254 that, 
preferably, provide the counter electrode surface within wells 
of the plate and ii) electrodes 1252 that, preferably, provide 
the working electrodes within wells of the plate. The elec 
trodes are divided into electrode strips that run the length of a 
given plate sector. Each full-width strip of electrode 1252 is 
matched with two half-width strips of electrode 1254 so that 
the overall electrical resistance along the length of the sector 
is evenly matched between the opposing electrodes. The 
opposing electrodes are contacted at opposite ends of the 
sector So the overall resistance in the leads to any particular 
well should be a constant value. Any potential drop due to this 
resistance should therefore be constant and should not cause 
variability between wells. Similarly, the resistance in elec 
trodes 1152 and 1154 as shown in FIG. 11A are matched 
along the length of the sector; in this case the resistance 
matching is accomplished by patterning electrodes 1154 so 
that the length of the electrodes comprises wide regions (to 
maximize electrode Surface area within the wells) alternating 
with narrow regions (to help match the overall resistance of 
along the length of electrodes 1154 with that of electrodes 
1152). 
5.2.7 Specific Embodiments of Plates Having Wells Divided 
into a Plurality of Assay Domains 

In some embodiments of the invention, the active area of 
the working electrode in a well of a multi-well assay plate is 
divided into a plurality of assay domains. For example, a 
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working electrode used in an ECL binding assay may have 
immobilized on distinct regions of its Surface a plurality of 
different binding reagents so as to form a plurality of distinct 
binding domains differing in their affinity for analytes of 
interest. Wells having such electrodes allow a number of 
different analytes to be measured concurrently in the same 
sample in the same well (e.g., by imaging the light emitted 
from the well and correlating the amount of each analyte of 
interest to the light emitted from an assay domain specific for 
that analyte). A patterned dielectric may be used to facilitate 
the division of the working electrode area in a well into one or 
more assay domains; the assay domains are defined by one or 
more holes in a dielectric layer covering the working elec 
trode. The dielectric layer providing a barrier that can confine 
small volumes of fluid to the assay domains formed by the 
regions of exposed working electrode (also referred herein as 
fluid containment regions). The use of dielectric layers to 
form Such assay domains is described in more detail in the 
description of FIG. 4. Microdispensing offluids onto selected 
fluid containment regions allows for the selective immobili 
Zation of reagents in specific fluid containment regions or the 
confinement of certain steps of an assay to specific fluid 
containment regions. 

FIGS. 13, 14 and 15 show examples of multi-well assay 
plates of the invention that have a plurality of fluid contain 
ment regions in each well. FIG. 13A shows multi-well assay 
plate 1300, a plate analogous to multi-well assay plate 500 (as 
shown in FIG. 5) except that the pattern of holes 1312 through 
dielectric layer 1306 has been modified to define a plurality of 
fluid containment regions over the working electrode Surface 
(i.e., first conductive layer 1308). FIG. 13B shows multi-well 
assay plate 1350, a plate analogous to multi-well assay plate 
500 (as shown in FIG.5) except that the pattern of holes 1360 
in second conductive layer 1354 and the pattern of holes 1362 
in dielectric layer 1356 has been modified to define a plurality 
of fluid containment regions over the working electrode Sur 
face (i.e., first conductive layer 1358). The modifications of 
FIGS. 13A and 13B can also by analogy be introduced into 
the specific embodiments of the invention described by FIGS. 
8, 9, 10, 11 and 12. FIG. 14 shows a multi-well assay plate 
1400, a plate analogous to multi-well assay plate 1600 (as 
shown in FIG. 16) except that the pattern of holes through 
dielectric layer 1406 has been modified to define a plurality of 
fluid containment regions 1407 over the working electrode 
surface (i.e., working electrode section 1422). Element 1412 
shows layers 1406, 1408 and 1410 aligned and stacked, in 
order from top to bottom, 1406 (top), 1408 and 1410 (bot 
tom). The modification of FIG. 14 can also by analogy be 
introduced into the specific embodiments of the invention 
described by FIGS. 10-12. FIG. 14 does not show sectoring or 
conductive contacts, however, Such sectoring and/or conduc 
tive contacts may be introduced as described above, e.g., by 
analogy to FIG. 10 and/or 11. FIG. 15 shows, multi-well 
assay plate 1500, an embodiment of the invention that is 
particularly well Suited for genomic or proteomic analysis. 
Multi-well assay plate 1500 is an adaptation of plate 1300 
having only six independently addressable square wells. The 
size of the wells is chosen so as to optimize the efficiency of 
the imaging of luminescence generated from the wells by the 
imaging instrument (as described below). Multi-well assay 
plate 1500 is a laminar structure comprising, in sequence, 
plate top 1520, adhesive layer 1530, conductive tape layer 
1514B, dielectric layer 1540, conductive layer 1552, sub 
strate 1560, contact layer 1572 and conductive tape layer 
1514A. Element 1580 shows layers 1572, 1560, 1552 and 
1540 aligned and stacked, in order from top to bottom, 1540 
(top), 1552, 1560, 1572 (bottom). Conductive tape layers 
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1514A and 1514B are provided by folding conductive tape 
1510 around element 1580 at fold 1516 (by analogy to FIG. 
8A). Holes 1522, 1532 and 1518 are aligned so as to form a 
plurality of wells having well bottoms defined by element 
1580. Through-holes 1562 through substrate 1560 provide an 
electrical path between conductive layer 1552 and contact 
layer 1572. Through holes 1512 through conductive tape 
layer 1514A provide access to contact layer 1572 (and, there 
fore a way to contact conductive layer 1552). Plate top 1520 
is analogous to plate top 1020 from FIG. 10 except for the 
specific arrangement of wells. Adhesive layer 1530 is an 
adhesive analogous to adhesive layer 1030 in FIG. 10 and 
may be omitted. Conductive tape 1510 is analogous to con 
ductive tape 810 as described in FIG. 8A. Substrate 1560, 
conductive layer 1552, dielectric layer 1540 and contact layer 
1572 are similar in composition and preparation to substrate 
1060, conductive layer 1050, dielectric layer 1040 and con 
tact layer 1072 as described for FIG. 10. Conductive layer 
1552 is sectioned into 6 square sections so as to divide plate 
1500 into 6 independently addressable sectors (each having 
one well). Holes 1542 through dielectric layer 1540, define a 
large number (preferably 10-50,000, more preferably 100-10, 
000: 256 are shown in the figure) of fluid containment regions 
in each well. Binding reagents such as specific nucleic acid 
sequences or specific proteins can be selectively introduced 
and or immobilized into specific fluid containment regions by 
selectively microdispensing the binding reagents into the spe 
cific fluid containment regions. 

While the figures illustrating embodiments of the plates of 
the invention have shown specific patterns for number, shape 
and distribution of wells, sectors and fluid containment 
regions/assay domains, it should be clear that the designs are 
adaptable so as to allow for a wide variation in these param 
eters. 

5.3 Apparatus for Reading Multi-Well Assay Plates 
Another aspect of the invention relates to an apparatus for 

measuring luminescence, preferably electrode induced lumi 
nescence, more preferably electrochemiluminescence, from 
a multi-well assay plate having a plurality of wells or a single 
well plate having a plurality of assay domains within a single 
well. Although the apparatus is configured for electrode 
induced luminescence, such an apparatus can also be addi 
tionally configured to other luminescence assays Such as 
chemiluminescence and/or fluorescence assays. 

Preferably, the apparatus is adapted to measure light from 
at least a portion of the plurality of wells. Preferably, the 
portion comprises one or more, more preferably two or more, 
even more preferably four or more and most preferred eight or 
more, and, preferably, less then all, of the wells of the plate. 
The apparatus may comprise a source of electrical energy 

for generating luminescence within at least a portion of the 
plurality of wells, preferably the source of electrical energy is 
applied as an electrical Voltage or current to the portion of the 
plurality of wells. Preferably, the portion comprises one or 
more, more preferably two or more, even more preferably 
four or more and most preferred eight or more, and preferably 
less then all, of the wells of the plate. The source of electrical 
energy may include a power cable, power source, power 
generator, battery or other energy storage media or the like. 
Preferably, the source of electrical energy includes an elec 
trical Subsystem (for example, a current Source, Voltage 
Source, or current and/or Voltage waveform generator) 
capable of providing current and/or Voltage to one or more of 
the plurality of wells. It is understood that the term “source of 
electrical energy' includes devices and apparatuses which 
require that Such source be connected to an external power 
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Supply (e.g., a wall Socket). According to one preferred 
embodiment, the Source of electrical energy is capable of 
delivering a potential to the working electrode relative to the 
counter electrode of from 0 to +8 Volts DC. Preferably, the 
Source of electrical energy has a voltage resolution less than 
or equal to 50 mV, preferably 20 mV, even more preferably 10 
mV and most preferred 5 mV. According to another preferred 
embodiment, the Source of electrical energy is capable of 
generating Voltage waveforms consisting of ramps (constant 
dV/dt). 
The apparatus may also include a Support or plate holder 

adapted to hold the multi-well assay plate. Preferably, the 
Support comprises a carrier (e.g., a drawer) adapted to carry 
the plate into and/or through the apparatus, preferably into 
and/or through a light tight enclosure within the apparatus. 

According to another embodiment, the apparatus further 
comprises a motion control Subsystem (preferably compris 
ing one or more computers, linear actuators or translation 
tables having one, two, three or more axis of motion, and/or 
motors for driving the motion) for moving plates in and out of 
the apparatus and for correctly aligning the plate with light 
detectors and/or electrical contacts within the apparatus. 
Preferably, the motion control subsystem provides indepen 
dent control of at least four stepper motors. Preferably, the 
motion control Subsystem is capable of independently con 
trolling the maximum plate carrier velocity. Moreover, the 
motion control subsystem preferably allows for controlled 
acceleration for each motion axis and/or provides integration 
of a plate position encoder on each motion axis and/or is 
adapted to allow the plate position of each axis to be verified 
using a position encoder. Preferably, the motion control Sub 
system provides for stall detection using a position encoder. 
The plate motion control subsystem preferably (i) has a 
movement resolution less than or equal to 0.01 inches, pref 
erably less than or equal to 0.005 inches, even more prefer 
ably less than or equal to 0.001 inches, (ii) is capable of 
providing continuous motion of at least 1 inch per second, 
preferably at least 5 inches per second and/or (iii) is capable 
of placing the plate within a circular tolerance Zone within 
within 0.01 inches, more preferably within 0.005 inches and 
even more preferably within 0.001 inches. 

In one embodiment of the invention, the apparatus includes 
one or more electrical connectors (optionally included as part 
of a plate contact Subsystem) adapted to connect the Source of 
electrical energy to the wells and/or plate support. Preferably, 
the connectors are adapted to contact the bottom of the multi 
well plate. Preferably, the apparatus comprises two or more 
electrical connectors, more preferably between 3 and 20 elec 
trical connectors, even more preferably comprises six elec 
trical connectors. The electrical connectors may be incorpo 
rated within a plate holder so that electrical connection to the 
plate is achieved by placing the plate in the plate holder or the 
electrical connectors may be in separate components. Alter 
nately, some electrical connectors may be incorporated 
within the plate holder and some may be included in separate 
components. 

According to one preferred embodiment, the apparatus 
comprises a 2x3 array of electrical connectors, preferably the 
2x3 array comprises four working electrical connectors and 
two counter electrical connectors. According to another pre 
ferred embodiment, the apparatus comprises seven electrical 
connectors, preferably a linear array of seven electrical con 
nectors, most preferably a linear array of four working elec 
trical connectors and three counter electrical connectors. In 
another embodiment, one or more electrical connectors (pref 
erably two or more, more preferably between 3 and 20) are 
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incorporated within a plate holder so that electrical connec 
tion to the plate is achieved by placing the plate in the plate 
holder. 

Preferably, the electrical connectors and/or plate contact 
Subsystem are adapted to make contact to the bottom of an 
assay plate. Optionally, at least one electrical contact is made 
to the top or side of the plate. Preferably the upward move 
ment of a plate due to force of the electrical contacts and/or 
plate contact Subsystem is less than 0.010 inches. According 
to another embodiment, the plate contact Subsystem has a 
minimum step resolution of at least 0.004 inches. 
The emitted luminescence is preferably measured to deter 

mine, for example, the presence or absence or amount of 
analyte of interestin one or more samples. The apparatus may 
comprise a light detector for measuring the luminescence 
within at least a portion of the plurality of wells. Alternatively, 
the apparatus may comprise a structure (e.g., a slot or the like) 
for inserting or adjoining a Suitable light detector Such as film. 
Such an apparatus would include all the other components of 
the system, but the user would add the light detector. Prefer 
ably, such an apparatus would be adapted to be suitably mated 
with one or more light detectors. 
One preferred embodiment of the invention incorporates a 

light detector for measuring emitted luminescence from at 
least a portion of the plurality of wells. Preferably, the appa 
ratus includes both a light detector and a source of electrical 
energy for generating luminescence, more preferably electro 
chemiluminescence, within the plurality of wells and a light 
detector for measuring emitted luminescence. Advanta 
geously, such an apparatus may also include the electrical 
connectors adapted to connect the source of electrical energy 
to the wells. 
One aspect of the invention relates to apparatus capable of 

measuring luminescence and/or generating luminescence in 
sectors. For example, the apparatus may induce luminescence 
and/or measure emitted luminescence in less than the entire 
plate and/or less than all of the wells on the plate. The term 
“sector as used herein is defined as independently address 
able sectors of jointly addressable wells. Preferably, a “sec 
tor” comprises one or more wells, two or more wells, less than 
all the wells, and/or less than 50% of the wells. 

Thus, one embodiment of the invention relates to an appa 
ratus for measuring luminescence from a multi-well assay 
plate having a plurality of independently addressable sectors 
of jointly addressable wells. 

According to one embodiment, the apparatus includes one 
or more electrical connectors adapted to connect the source of 
electrical energy to the independently addressable sectors. 
Preferably, the apparatus also includes a plate holder for 
holding the plate and the electrical connectors and the plate 
holder are adapted to move relative to one another to allow for 
sequentially contacting the sectors. In an alternate embodi 
ment, one or more electrical connectors (preferably between 
3 and 20) are incorporated within the plate holder so that 
electrical connection to one or more sectors of the plate is 
achieved by placing the plate in the plate holder. 

According to one embodiment, the apparatus comprises a 
plate holder adapted to hold the plate onto a measuring plat 
form or a detection location (e.g., where the luminescence is 
induced and/or detected) during the detection step and a plu 
rality of electrical connectors adapted to contact the plate, 
thereby providing electrical energy to the wells. Preferably, 
the electrical connectors contact the bottom surface of the 
plate. Advantageously, the contacting occurs between the 
wells, preferably by pushing against the well walls, i.e., 
where the plate is most rigid. 
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The apparatus may include a plate holder adapted to hold 

the plate onto a measuring platform during the measuring. 
This is advantageous when the electrical connectors contact 
the plate bottom since the holder may be configured to hold 
the plate down and/or to prevent the contacts from lifting the 
plate. This is important, for example, when an imaging sys 
tem is employed to image the luminescence from the wells. If 
the connectors were allowed to lift or otherwise move the 
plate, the image may be distorted. 

According to another embodiment, the apparatus com 
prises a light detector and a Support adapted to hold the 
multi-well assay plate, wherein the light detector and the 
Support are adapted to move relative to one another to allow 
for sequentially measuring the sectors. 

Another aspect of the invention involves the use of an 
imaging system to image emitted luminescence. Preferably, 
the apparatus further comprises a computer image analyzer. 
According to one preferred embodiment, the computer has 
Software for Subtracting background light and/or eliminating 
cosmic ray induced artifacts and/or any defects in the photo 
detector. 
One embodiment of the invention relates to an apparatus 

for measuring luminescence from a multi-well assay plate 
having a plurality of wells comprising: 

(a) an imaging System comprising a camera, the imaging 
system adapted to image at least a portion of the plurality 
of wells and thereby measure the luminescence; and 

(b) a source of energy for generating luminescence within 
at least a portion of the plurality of wells, the source of 
electrical energy applied as an electrical Voltage or cur 
rent to the portion of the plurality of wells. 

Another relates to an apparatus for measuring lumines 
cence from a multi-well assay plate having a plurality of wells 
comprising: 

(a) an imaging System comprising a camera, the imaging 
system adapted to image at least a portion of the plurality 
of wells and thereby measure the luminescence; and 

(b) a source of electrical energy adapted to provide electri 
cal energy to the plurality of wells in sectors. 

Another embodiment of the invention relates to an appa 
ratus for measuring luminescence from a multi-well assay 
plate having a plurality of wells comprising: 

(a) an imaging System comprising a camera, the imaging 
system adapted to image the plurality of wells in sectors 
and thereby measure the luminescence in sectors; and 

(b) a source of electrical energy, the Source of electrical 
energy applied as an electrical Voltage or current to the 
portion of the plurality of wells. 

Accordingly, the invention includes an apparatus for mea 
Suring luminescence from a multi-well assay plate having a 
plurality of wells comprising an imaging system comprising 
a camera, the imaging system adapted to image at least a 
portion of the plurality of wells of the multi-well assay plate. 
Preferably, the apparatus further comprises a Support adapted 
to hold the multi-well assay plate in a detection position 
where the camera can image the portion. Advantageously, the 
camera and/or the Support are adapted to image the plurality 
of wells in sectors and thereby measure the luminescence. 
Preferably, the apparatus further comprises a camera mount 
ing system for positioning the camera and/or any associated 
optics (e.g., lenses). Preferably, the camera mounting system 
maintains the camera imaging Surface of an imaging system 
and/or the associated optics perpendicular to the multi-well 
plate within plus or minus 5 degrees, more preferably within 
plus or minus 3 degrees, even more preferably within plus or 
minus 2 degrees and most preferably within plus or minus 1 
degree. 
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Providing an apparatus, method and plate, which enables 
the luminescence to be measured in sectors, allows for greater 
light collection efficiency. Accordingly, one preferred 
embodiment of the invention relates to an apparatus compris 
ing an imaging system adapted to simultaneously image emit 
ted luminescence from at least two of the plurality of wells, 
wherein the imaging collects a cone of luminescence having 
a cone full angle of at least 10 degrees, preferably at least 15, 
more preferably at least 20, even more preferably at least 25, 
and most preferred at least 30 degrees. 

According to another embodiment, the apparatus further 
comprises a Support adapted to hold the multi-well assay 
plate in a detection position and/or electrical connectors 
adapted to connect the multi-well assay plate to the source. 
Preferably, the apparatus is adapted to connect the electrical 
connectors to a plurality of sectors and/or image the plurality 
of sectors sequentially. 

Another aspect of the invention relates to an apparatus or 
method, which employ an array of light detectors, preferably 
an array of discrete light detectors such as an array of photo 
diodes. 

Thus, one embodiment of the invention relates to an appa 
ratus for measuring luminescence from a multi-well assay 
plate having a plurality of wells comprising: 

(a) an array of light detectors adapted to detect light from at 
least a portion of the multi-well assay plate, preferably in 
sectors; and/or 

(b) a Source of electrical energy for providing electrical 
energy to the multi-well plate, preferably in sectors; 

wherein the apparatus preferably induces and/or measures 
the luminescence in sectors. 

Another embodiment relates to an apparatus further com 
prising: 

(a) a Support adapted to hold the multi-well assay plate in a 
detection position; and/or 

(b) electrical connectors adapted to connect the sector of 
the multi-well plate to the source: 
wherein the apparatus is preferably adapted to connect 

the electrical connectors to the plurality of sectors 
and/or detect luminescence from the plurality of sec 
tors sequentially. 

Preferably, wherein the apparatus is adapted to allow the 
array of light detectors to move relative the Support so as to 
allow for alignment of each sector with the array of detectors. 

According to a preferred embodiment, the apparatus com 
prises one detector per well persector. Preferably, the array of 
light detectors is adapted to be aligned with an array of wells. 
For example, referring to FIG. 1, a linear array of eight appro 
priately sized photodiodes could be aligned with a row of 
wells. Preferably the light detector array is a linear array, 
which can be linearly scanned across the plate. 

According to another embodiment, the apparatus is 
adapted to use modules (preferably plates) where the working 
electrode and/or the counter electrode on the module is 
replaced with one or more probes provided by the apparatus, 
preferably an array of working electrode probes and/or 
counter electrode probes, which are inserted into the wells to 
provide electrical energy to the wells. A single probe could be 
aligned and arranged so as to provide electrical energy to one 
well of a multi-well plate at a time oran array of probes could 
be used to provide electrical energy to a plurality of wells 
(e.g., the array could be used to provide electrical energy to 
one group of wells and then be moved to provide electrical 
energy to a different group of wells). Preferably, the probes 
comprise one or more fiber optic probes coated in an electrode 
material so as to function both as electrodes (preferably a 
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counter electrode) and conduits for conveying light generated 
in wells to one or more light detectors in the apparatus. 

According to one preferred embodiment, the apparatus 
further comprises one or more robotic and/or computer sys 
tems adapted to perform one or more of the following func 
tions: (i) moving assay modules; (ii) shaking the assay mod 
ules (and assay contents therein); (iii) storing plates (e.g., 
refrigeration unit); (iv) liquid or reagent handling (e.g., mix 
ing reagents); and (V) reagent delivery (e.g., dispensing 
reagents into wells, etc.). 

FIG. 17 illustrates an embodiment of the apparatus of the 
present invention. Reader 1700 comprises a cover (or case) 
1702, a light tight enclosure 1704 with one or more doors 
and/or apertures 1714, a photodetector 1706, optics 1708, 
multi-well assay plate 1710, plate alignment mechanism 
1712, plate transport mechanism 1716, bar code reader 1718, 
electronics 1720, current/voltage source 1722, plate electrical 
connector 1724, computer 1726, power supply 1728, data and 
network connections 1730, indicators 1732, reagent handler 
1734, one or more plate stackers 1736, robotics 1738, and 
plate carrier 1740. Preferably, the majority of cover 1702 is a 
molded structure made from rigid plastic materials such as 
polyurethanes, structural foams, ABS, polystyrenes, polypro 
pylene, polycarbonates and the like. Cover 1702 may also 
incorporate metals (e.g., aluminum, brass, steel), composites 
(e.g. carbon fiber composites, polymer composites), and/or 
carbon based materials. Cover 1702 may also be painted: 
conductive paints (e.g., paints containing metal flake) may be 
used to reduce electromagnetic interference (i.e., as EMI 
shielding). The cover, preferably, functions to enclose, Sup 
port and protect certain elements of the reader. The cover may 
incorporate vents or other openings and may also include one 
or more fans for cooling the instrument and/or for maintain 
ing the circulation of air through the instrument. In a preferred 
embodiment the cover provides separate intake and exhaust 
vents for cooling photodetector 1706. 

Light tight enclosure 1704 is a sealed compartment 
designed to prevent the entrance or exit of light. Preferably, 
the majority of light tight enclosure 1704 is comprised of a 
rigid material Such as steel or aluminum. In a preferred 
embodiment, light tight enclosure 1704 is comprised of alu 
minum sheet metal. Light tight enclosure 1704 may also 
incorporate non-rigid or compliant materials. In a preferred 
embodiment, light tight enclosure 1704 contains a compliant 
closed cell foam gasket that acts as a seal to prevent passage 
of light. Light tight enclosure 1704 has one or more doors 
and/or apertures 1714 and through which multi-well assay 
plates of the invention may pass during operation of the 
reader. Aperture 1714 incorporates a door that opens to allow 
transport of multi-well assay plates into and out of the reader. 
The door opens and closes by sliding along a tongue and 
groove configuration at the junction between the door and 
aperture 1714. The tongue and groove configuration provides 
a tortuous path that reduces transmission of light. The move 
ment of the door or aperture 1714 is mechanically driven by 
a linear actuator that is controlled by computer 1726 and 
electronics 1720. Light tight enclosure 1704 is joined to 
optics 1708, or if optics 1708 are omitted, to photodetector 
1706. Enclosure 1704 provides a compliant coupling between 
optics 1708 (or photodetector 1706) that allows focusing of 
the emitted light onto the photodetector (e.g., by focusing a 
lens) without disrupting the light tight enclosure. This com 
pliant coupling may include one or more baffles, light tight 
seals or light tight flexible housings. In a preferred embodi 
ment, the flexible coupling is a slipping light tight seal com 
prised of a silicone gasket or layer. According to another 
preferred embodiment, the coupling comprises flexible, light 
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tight bellows (preferably made of neoprene) at the lens-light 
tight enclosure interface. The bellows allows easier focusing 
and motion of the lens while still providing a light tight seal. 
Light tight enclosure 1704 can be dismantled without disturb 
ing the optics 1708 and/or photodetector 1706. The walls of 
the light tight enclosure are preferably black to reduce reflec 
tion of light. Preferably, the light tight enclosure is adapted to 
provide at least a degree of external light rejection so that a 
change in ambient light level from 500 lux to 0 lux does not 
increase the apparent coefficient of variation in background 
signal by more than 20%, more preferably by more than 15%, 
even more preferably by more than 10% and most preferred 
by more than 5%. 

Photodetector 1706 primarily measures the light emitted 
from multi-well assay plates during the conduct of electro 
chemiluminescent assays in reader 1700. Photodetector 1706 
is preferably one or more photodetectors that measure the 
intensity of light or one or more photodetectors that image the 
emitted light. Examples of photodetectors include cameras, 
photodiodes, avalanche photodiodes, CCD chips, CCD cam 
eras, photomultiplier tubes, CMOS detectors, film, phospho 
rescent materials, and intensifiers. Photodetectors may be 
cooled to decrease background signals. In a preferred 
embodiment, photodetector 1706 is an array of photodiodes. 
In another preferred embodiment, photodetector 1706 is a 
charge coupled device (CCD) camera. Photodetector 1706 is 
connected to computer 1726 and electronics 1720. Photode 
tector 1706 may be joined to optics 1708 and/or to light tight 
enclosure 1704. Photodetector 1706 may also incorporate 
control electronics, connectors and high speed cables for 
efficient transfer of images to electronics 1720 and computer 
1726. The active surface of photodetector 1706 (or the imag 
ing Surface when photodetector 1706 is an imaging detector 
such as a CMOS or CCD chip) is preferably matched to the 
size of the object (e.g., individual well, multi-well assay plate 
sector or multi-well assay plate) being imaged so as to bal 
ance the requirements for light capturing efficiency and the 
spatial resolution of the recorded image with the cost and size 
of the detector (and associated optics). Preferably, the area of 
the active surface or imaging Surface of the photodetector is 
25% to 200% of the area being detected or imaged or more 
preferably between 50% and 100%. In a preferred embodi 
ment of an imaging detector adapted to image a standard 
multi-well assay plate in six square sectors, the area of the 
imaging detector (e.g., a CCD or CMOS chip) is between 0.95 
sq. in. and 2.0 sq. in. or more preferably between 0.95 and 1.2 
sq. in. In an alternate embodiment, a Smaller imaging detector 
may be used without significant loss in light capturing effi 
ciency or resolution by including a tapered fiber optic bundle 
in optics 1708. For example, optics 1708 may include a com 
bination of a lens, preferably a telecentric lens, that projects 
an image having an area of preferably between 25% and 
100% (more preferably, between 50% and 100%) of the area 
being imaged and a tapered fiber optic bundle to reduce this 
image to the size of the imaging detector. 

Optics 1708 generally collect light emitted from multi-well 
assay plate 1710 and focus that light on photodetector 1706. 
Optics 1708 may include, for example, elements that trans 
mit, scatter, block, filter, modify, diffract, refract, and/or 
reflect light. Optics 1708 may also include physical/mechani 
cal elements that provide structural Support or couple the 
optical elements to other elements of reader 1700. Examples 
of elements include lenses, prisms, filters, splitters, mirrors, 
optical fibers, optical couplers, optical epoxies and adhesives, 
windows, modulators, optical coatings and the like. In a pre 
ferred embodiment, optics 1708 comprises a telecentric lens 
to achieve uniform collection of light over a large area (which 
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may otherwise be imaged in a distorted manner by optics 
using non-telecentric lenses). The diameter of the lens (espe 
cially the front lens element of a multi-element lens) is, pref 
erably, matched to the size of the object (e.g., multi-well assay 
plate sector) being imaged so as to balance the requirements 
for minimal distortion and maximal light capturing efficiency 
with the cost of the lens. In a preferred embodiment of the lens 
adapted to image a standard multi-well assay plate in six 
square sectors, the diameter of the lens or the first lens ele 
ment in a compound lens is between 3.0" and 5.0" or more 
preferably between 3.5" and 4.5" or most preferably between 
3.9" and 4.3". The lens, preferably, has a light capture effi 
ciency of greater than 2% or more preferably, greater than 5% 
for hemispherical radiation from point sources in the object 
plane. The full cone angle for accepted light from the object 
plane is, preferably greater than 10%, more preferably greater 
than 15%, even more preferably greater than 20%, even more 
preferably greater than 25% or, most preferably, greater than 
30%. In another embodiment, optics 1708 comprises one or 
more optical fibers or an optical fiber array. In another pre 
ferred embodiment, optics 1708 comprise a window and/or a 
filter and do not focus light on photodetector 1706. In another 
embodiment, optics 1708 comprise a lens and fiber optic 
bundle (e.g. a tapered fiber optic bundle). Optics 1708 may 
comprise a compliant coupling that allows focusing without 
disrupting the light tight properties of the connection between 
optics 1708 and light tight enclosure 1704. Optics 1708 may 
optionally include filters designed to maximize the collection 
of a desired luminescent signal relative to background light. 
In a preferred embodiment, optics 1708 includes filters 
designed to selectively pass the luminescence generated from 
transition metal labels, particularly ruthenium-tris-bipyridine 
labels. Preferably, the optics in such a system would block 
light the majority of light with a wavelength greater than 800 
nm (or, more preferably, 750 nm) and optionally light with a 
wavelength less than 500 nm (or, more preferably, 550 nm). 
The filter elements may, optionally, be removable or replace 
able. According to one preferred embodiment, the filter has a 
band pass characteristic with a long wavelength cutoff (50% 
transmission) of 750 nm--/-25 nm and a short wavelength 
cutoff less than 550 nm and/or has an average pass band 
transmission greater than 80%. According to another embodi 
ment, the apparatus comprises a filter covering the light 
detector(s) (e.g., a dichroic, interference and/or absorbance 
filter). For example, the light detector may be an array of light 
detectors comprising an array of silicon photodiodes covered 
by filters (e.g., dichroic, interference and/or absorbance fil 
ters). 

Plate transport mechanism 1716 moves multi-well assay 
plates into, within and out of reader 1700. Plate transport 
mechanism 1716 comprises a plate carrier 1740 that holds the 
multi-well assay plates during transport, one or more linear 
translation stages that move the plate carrier 1740, one or 
more magnetizable (preferably, reversibly magnetizable) 
tabs, sensors, and a variety of mechanisms that align and/or 
hold the multi-well assay plate to the carrier. Plate transport 
mechanism 1716 is primarily composed of metal and plastic. 
In one embodiment, plate transport mechanism 1716 moves 
plates 1710 from plate stacker 1736 through aperture 1714 
into light tight enclosure 1704 and visa versa. In an example 
of operation, one or more multi-well assay plates are loaded 
into plate stacker 1736. Under computer control, plate trans 
port mechanism 1716 and an elevator in plate stacker 1736 are 
moved to the home position, which is verified by sensors. 
Plate transport mechanism 1716 is translated out of light tight 
enclosure 1704 through aperture 1714 into plate stacker 1736. 
The movement of plate transport mechanism 1716 brings 




































































